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Maan  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  connection  with  a  definitely  related 
Governiaent  Prociu'ement  Operation,  the  United  States  Government  thereby 
iiininrs  no  responsibility  nor  any  obligation  whatsoever;  as.d  the  fact 
that  the  Governssent  may  have  formulated,  furnished,  or  in  any  way  supplied 
tlie  said  drawings,  siiecifi  cat  ions,  or  other  data,  is  not  to  be  regarded  by 
implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  coi’poration,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  ma3>-  in  any  way  be 
related  thereto. 
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C/opies  of  ASO  Technical  ifemorandums  should  not  be  returned  to  the 
Aei'unavtical  Systems  Division  unlesf"  return  is  nquired  by  Secivrity 
Considerations,  contractual  obligations  or  notice  of  a  specil'ic  docxpceiit. 
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Aeronautical  Syetema  Division 
Air  Force  Systems  Command 
United  States  Air  Force 
Wright-Patteraon  Air  Force  Base,  Ohio 

Technical  Meffiorandum  Applications  Laboratory 

A3RCE  TM-62-24  Directorate  of  Materials  &  processes 

Deputy  for  Technology 

AN  ir{D£X  10  METALS  R&D  PROGRAMS  OF 
SEVEN  AEROSPACE  COMPANIES 

I.  msmi 

Tp  provide  an  aid  for  retrieving  inforiiiH-cion  about  metals  R&D  programs 
being  conducted  by  seven  aerospace  companies, 

II.  FACTUAL  DATA; 

1.  This  indey  (Appendix  I)  covers  235  annotated  abstracts  describing  metals 
R&D  programs  being  conducted  by  seven  aircraft  oempanies.  All  of  the  progr-aos 
described  are  recant  and  many  of  them  are  still  in  progress.  It  should  be  noted 
that  the  index  also  includes  a  few  non-nsetallics  which  only  indicates  that  a  few 
programs  msnticned  overlap  into  the  non-oetallics  area. 

2.  The  abstracts  included  in  Appendix  II  were  submitted  by  the  following 
companies  as  a  partial  requirement  of  aavsrz'  data  compilation  contracts  sponsored 
by  the  Information  Processing  Section  of  the  Applications  Laboratcry; 

The  Boeing  Company  (All  Divisions) 

General  I^namics  (Astronautics) 

General  Elec trio  (Evendale) 

McDonnell  Aircraft 

North  American  Aviation  (All  Divisions) 

The  Northrop  Corp  (Norair) 

Solar  Aircraft 

The  companies  are  generally  identified  on  each  alatract  by  their  name  or  by  a  code 
number  in  the  uppsr  right  hand  corner.  The  North  Asierican  Aviation  and  Norair 
abstracts  are  identified  by  code  numbers  prefixed  by  NA  and  NOR  respectively.  The 
abstracts  of  Astronautics  are  simply  identified  'ey  the  abbreviation  "GDA"  5jx  the 
upper  right  hand  corner  and  those  of  General  Electric  by  "GE", 

3.  Each  abstract  was  assigned  an  index  number,  and  based  on  this  number  the 
abstracts  are  listed  in  sequential  order.  Hence  the  index  numbers  range  from 

1  to  235.  Each  index  number  appeeirs  in  the  lower  "outside"  corner  of  the  abstract. 
Note  that  in  soma  oases  the  same  index  nianber  appeeurs  on  each  of  two  successive 
abstracts,  but  that  one  number  is  suffixed  by  the  letter  "A",  e.g,,  3  and  3 A.  Ibis 
indicaces  that  both  abstracts  cover  the  same  program  and  that  one  abstract  was  a 
6-month  follow-on  to  the  other. 

4.  The  index  itself  is  made  up  of  four  sets  of  terms,  each  term  listed  in 
alphaoetical  order.  The  first  set  of  terms  is  strictly  on  materials,  the  second 
on  properties,  the  third  on  proceesas  and  the  fourth  set  consists  of  miscellaneous 
terms  such  as  fasteners,  rotors  and  pressure  vessels.  Behind  each  term  are  the 
index  numbers  to  those  abstracts  concerned. 


5.  The  abstracts  presented  in  this  report  give  some  liii.its'j  indication  of 
the  raetals  programing  in  effect  at  several  companies.  The  intent  of  this 
presentation  is  to  allow  some  further  exchange  of  information  on  a  voluntai'y 
basis.  In  those  cases  *here  more  information  or  an  exchange  of  information  is 
desired,  contact  should  be  made  with  the  appropriate  company  giving  sufficient 
identification  to  the  material  of  interest.  The  company'  addresses  are: 

The  Boeing  Company 
Aerospace  Division 

Attn:  Mr.  J.  //.  Smuin  (Contract  AF33 (6l6)-7559) 

Seattle,  Washington 

General  Dynamics  Corp. 

Convair/ Astronautics  Div. 

F.  0.  Box  1128 

Attn:  Ml'.  James  E.  Chafey  (Contract  AF33(ol6)-7984) 

San  Diego  12,  Calif. 

General  Electric  Co. 

Flight  Propulsion  Div. 

Attn:  Mr.  H.  G.  Popp  (Contract  AF33(637)-8017) 

Cincinnati  15,  Ohio 

McDonnell  Aircraft  Corp. 

Box  516 

Attn;  Mr,  H.  J.  Siegel  (Contract  AF33 (657) -7749) 

St.  Louis  66,  Missouri 

North  American  Aviation,  Inc. 

International  Airport 

Attn:  Mr.  R.  L.  Schleicher  (Contract  AF33 (6l6)-8009) 

Los  Ajigeles  45,  Calif, 

The  Northrop  Corp, 

Norair  Div. 

Attn:  G,  A.  Nelson  (Contract  AF33 (6l6)-8140) 

Hawthorne,  Calif, 

Solar  Aircr€i£t  Co. 

Research  Laboratories 

Attn:  Mr.  J.  W.  Welty  (Contract  AF33 (616) -8375) 

San  Diego  12,  Calif. 
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III. 


None 


IV.  RECOMMEND  ATI  0?1S ;  That  a  similar  index  be  prepared  for  non-ia.tallic  programs. 
COORDINATION!  PREPARED  BY: 


Edward  Dugger, 


George  Young,'  A3RCSM-1 


- ueH-Z- - 

Richard  Klinger,  aSRCEM-1 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  is  approved . 


D.  A.  SHINN 

Chief,  i-laterials  Information  Branch 
Appliciitions  Laboratory 
Directorate  of  Materials  &  Processes 


DISTTU  BUTTON: 

ASRC  (Di’.  Lovelace) 

A3RCE  (Maj.  Fostelnek) 

A3RCEM  (Mr,  Shinn) 

ASRCEE  (Mr.  Conrardy) 

ASRCES-2  (Mr.  Hjelm) 

ASRCEM-1  (Mr.  Dugger) 

ASRCEM-1  (Mr.  Harmsworth) 
ASRCEM-1  (Hr.  Klinger) 

A5RCEM-1  (Mr.  Young) 

A3RCEM-1A  (f-lrs,  .Ragen)  (300  cys) 
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,IPPE?JDIX  I 


Materials  Teras 

Index  Kuabers  (lower  outside  corners) 

Adhesives 

1 

Aluaicua 

233 

Aluaimm  Alloys 

Al-12Si  coating 

221 

C355 

151'~152 

356-A356 

10*103-151 

1100 

206 

2014 

l„75-96-97-ia2-155-174-210 

2020 

10-14-150-156-208-218 

2024 

l-10-74-i29-U7-149-150-153-157-158-159-l60-l6l 

173-174~?18-234 

2219 

34-102-248-164-165 

2618 

21-162 

5052 

97 

5086 

98 

5154 

93 

5356 

154 

5456 

97-102-163 

6012 

164-165 

6061 

139-166-167-174 

7075 

14-147-149-150-153-167-168-173-219-227 

7079 

147-150-153-2.29 

7178 

147-150-153-220-228 

Teas  50 

10 

Tensaloy 

10-154 

Al.iad.nua  Powders 

2^-184 

Barrier  Ifeterials 

2-216 

Berylliua 

12-89-ll6-m-l45-l69-2J36 

Biaauth  Alloys 

Cerrobeod 

131 

Brass  Alloys  (general) 

84-113-139 

80-20  LTCH 

45 

CM-52 

84-IU-130 

GM-53 

130 

CM-56LC 

lU 

aM-Ti 

142 

Golci  bass 

U3 

Iir-15 

66 

Iridiua-bcroQ 

U1 

Lithobr&se  925 

130 

Niokel-lOP 

142 

Riokel  base 

106 
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Braze  Alloys  (general) (Cont'd) 
Permabraze  130 
Platinum-boron 
R-46 
RCN-3 

Silicon  base 
Silver  base 
Titaniuo-iVi 

Cadruium  Plate 


130 

141-142 

84 

142 

144 

46-107-140-183 

142 


dfroaltai  Plate 

Cladding  Material? 

Coatings  (general) 

LB-2  coating 
Aluninum-123i 
Conversion  coatings 
Coralloy  Y  coating 
Platinum  coating 
Silicide  coating 

Cobalt  Alloys 
L-605  (H3-25) 

Columbium  (Niobium) 

Coltanbiun  Alloys  (general) 
Cb-lZr 
Cb-5Zr 

C-103 

Cb  752(10y-2.5Zr) 

D31  (lOTi-lOMo) 

D36  (10Ti-5Zr) 

F48  (l«W-5Mo-lZr) 

F380  (0.75  Zr) 

FS82  (33Ta-.75Zr) 

Copper 

Fiberglas 

Graphite,  psrrolytic 
Hafnia 

Hafnium  Carbide 
Lithium 


213-214 

2-4-5 

80-85-121-132-211-212-213-214-216-219-220 

122 

221 

227-228-230 

15 

222 

125-126 


98-129-130-173-180-224-232 

2-206-232 

92 

217 

122 

217 

120 

171 

121 

38-48-118-119 

170 

25-38-48-89-93-94-170-172 

59-100 


"Mach  3"  Materials 
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Magneaivm 


136-137 


Magnaaium  Alloys  (general) 

3  IB 
HK  31 
HK  21 
QE  22  A 
ZK 

ZK  60A 
Molybdenum 

■olybdenum  Alloys  (general) 
Mo-0.5Ti 

TZM  (0.5Ti-0.072s) 

Nickel  Alloys  (general) 

AF  1753 

Astroloy 

DCM 

E-1826  (GE) 

Ikstelloy  B 
Hastelloy  R235 
Hastelloy  W 
Kastelloy  X 
IN  100 
IN  102 
laco  713C 
Incoisel  738 
Inconel  X,  X-750 
K-^nel 
M-252 
H-583 

Hlmonie  115 
R  27 
RA333 
Rene  ’41 
SSL-i5 

TD  Nickel  (Z^ThOg) 

U-500 

li-700 

Waapalloy 

Nickel-Cadsdium  Plate 
Nickel  Plata 
Niobium  (See  Coixanbim) 
Silicon  Cai'bide 


230 

64 

150 

104-129 

151-152 

151 
64 

138-142-146-217-232 

92 

89-94-118-123-144-175-176-177-178-222 

24-38-48-124-125-126-127-221 

78-86 

80 

81-4^ 

80 

86 

98 

20 

73-182 

182-224 

80 

72 

80  55 

31-54-58-69-81-112-113-114 
56-57-104,  111-129,  130 
51-98 
181 
206 
80 

81 
53 

50-73-79-81-84-87-173-179-180-181-182-223-224-232 

80 

85 

80-93 

80 

U3 

214 

195 


137 


Silver  Plate 


212 


Sodium 


136 
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Stainlos3  Steels 


15-7  AMV 

37 

17-4  PH 

60-88 

17-7  PH 

U-107-198-199-226 

301 

1-74-95-96-97-99-101-102 

301  N 

99 

302 

99-101 

303 

100 

304 

97-99-101-102 

310 

97-99-101-102 

321 

100-104  -105 -129-U8-173 -186-209 

347 

28-209 

406 

206 

410 

206 

420 

36 

44OA 

36 

A-286 

82-83-98 

AM  350 

35-40.^-173-187-225 

AM  355 

32-61.-74-97-98-188.225 

M-3O8 

83 

M-155 

130 

PH  i3-8Mo 

39 

PH15-7MO 

U-23-28-29-30-33-43 -45-47-49-6; 

130-197 

RA330 

52 

V-57 

82-83 

Steels 
18  Ni 
20Ni 
25Ni 
3(X)H 

4130 

4330M 

4340 

A212B 

Airsteel  X-200 
B5F5  (GE) 
Cr-Mo~V  steels 

D6a 

H-11 
Hy  Tuf 

M-255 

M-257 

Ifetco  42c 

NAX-TRA-90 

T-1 


63-105 

133 

22-133 

194 

211 

I85-I92-I93-I94 

71-129-148-166-174-195-196-212-213 

206 

148 

83 

3 

190 

l4-15-l6-17-18-19-a-67-68-l48-191-214 

70 

174 

/.-206 

76 

200 

200 


l^ntalua 


38^48-137-202-217-232 


Tactalxsa  A1.1  :j3 
Ta-lOW 

Ta,.3GCb-7.5V 


25-134-201-217 

128 
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Thoria 


Tit&nAum 

129-140-232 

Titaniiaa  Alloys  (general) 

77 

4A1- 3MO-1V 

U 

5a-1.5  Sn(AllOAT) 

1_9S_96-97 -98-102 

5/'d-2.75Cr-1.25Fe(RSUO) 

74 

6Al-»V 

35-42-97-173-203 

8/J.-IM0-IV 

109 

8i\l-10V 

74 

13V-llCr-3Al  (B120VCA) 

14-95-110-173-204-215 

Titanium  Garbida 

137 

Tmgsten 

135_137-l4l-205-217-232 

Tungsten  Alloys 

Tungs t8n-2Mo 

134 

^rani’um-Mo  Adloys 

6 

;;ranium  Fuels 

2-6 

Yttria 

137 

Zirconia 

137 

Zii’conium  Alloys 

3Zi 

5 

Zircaloy  TI 

206-207 

^r-.5Mo-.5Gu(ATR) 

206 

Zirconium  Carbide 

137-207 
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Index  Number B 


Property  Terms 
Austenite  Stability 
Bearing  Properties 
Bend  Ductility 


101 

19-^0-21-120 

93-109-112-124-127-155-160-165-170-171-172-201 


Burst  Strength 

Compatiaility 

Compressive  Properties 

Corrosion  Resistance 
vSea  also  oxidation 
resistance,  stress  corrosion 
and  embrittlement) 

Crack  Growth 


40 

41-129-137-144-206 

]9_20-21-152-156 

107-129-133-206-208-209-210-214-216-217 

219-220-226-227-228-229-230 

158-161-162 


Cr*»ck  Resistance 

(See  also  Fracture  Toughness 

and  Notch  sensitivity) 

Ci'eep  (See  also  stress  rupture, 
Microcreop  S:  Thermal  stability) 
Crushing  strength 


15_75-87-97-147-149-189 

21-35-38% -95-203-211 
65 


Cryogenics 

Dimensional  stability 

Ductility  (see  also  bend 
ductility) 


51-52-53-54-70-71-96-97-98-99-100-101-102-133 

10-11-56-64-125-126-165 

5-6-22-36-50-57-59-81-107-181 


Plasticity 

Embrittlement 

(See  also  stress  corrosion) 

Smittance  (Thermal) 

Fatigue  (sonic) 

Fatigue  (stre-s) 

Fatigue  (thermal) 

Formability 

Fracture  Toughness 

(See  also  crack  resistance) 


10-11-12-64-100 

96-211-212-213-215 


34 

234 

l6-17-18-21-39-^0-67-68-76-82-83-115-U9-l58-l65-195- 

198-212-213-214-226 

80-95-182 

105-116-120-159-160-172-177-178-204-205-221 

14-102-158-166-193 
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Friction  Properties 
Hot  Shortness 


Impact  (general) 
Charpy 
Isod 
Tens i  Is 

Joint  Efficiecoy 


Lap  Shear 

Mechanical  Properties  (general) 

Microcreep 

Microstruoture 


Notch  Sensitivity 

(See  also  crack  resistaoca 

fracture  toiigbttesa  &  Impact) 


OxldatiiKi  Easistauce 

(See  also  coirrosion  resistance) 


Poisson's  Ratio 
Radiation  (nuclear) 

Secant  Modulus 

Shear  Properties  (general) 

Shear  Rupture 


Shear  Strength 
(See  also  Lap  Shear) 


Short  Transverse  PTroporties 
Specific  Beat 


Stress  Corrosion 

(See  also  corrosioa  resistance 

and  eahrittlesMint) 


Stz^BS  Rupture 
(See  alsc  creep) 


Strese-e train 
Surface  Stability 
Tangent  Modulus 
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174 

75 


105 

3-22-51-63-70 

150 

150 

183 


31-46-47-49-112-117-120 

66 

10-11 

75-81-87-101 


16-17-22-36-39-51-60-63-70-71-98-99-101 
105-120-211-212-213 -2U 


43-50-82-84-35-107-120-133-137-143-180-20^-214 

221-222-223-224 


156 

96 

156 

1-19-20-21-106-118-233 

84 

iaO-130-144 


37-39 

59 


39-40-211-2l4-21S->225-229 


46.77-78-79-30  ^1-85-86-94-128-152 


76 

77 
156 


10 
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Tear  i^sistance 
Tensile  Properties 

Thermal  Conductivity 
Thermal  Eiz  pans  ion 
Thermal  Shock 


U9-150*153-161-162-193 

1„4_;:-6-U-19- 20-21-22-31-36-38-39-40-42-50-51-52- 

53-54-55-58-59-60-63-69-70-71-72-73-74-79-93-94-95 

98-99-101-104-105~109-110-111-112-11?-116-118-119- 

120-i21-122-123~133-U3-151-152~l6l-l62-l65-181-184- 

187-188-199-211-212-213 


59 

12-59 

137 


Thermal  Stability  (See  also  creep)  ] 05-107-120-122-128-180-203 
Torque  174 
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Bassett  treatment 


194 


ciead  ing 
dond ing 
Brazing 

Casting 

Chemical  Milling 
Cutting 
Diffusion 
Dimpling 

r'lectro-deposition 
I'.lec  tro-f  orming 
"lec  tro-polishing 
Explosive  Forming 
Forging 
Keat  I'reating 
Hot  Forming 
Oxidation  Protection 
PicKling 

Planishing  (roll) 
Plating  (Nickel) 

Plating  (Zinc) 

Recrystallization 

Sealing 

Shear  Turning 

Soldering 

Ultrasonic  Soldering 
Spinning 


173-175 

1-117-134-167 

13<'45-55-61-84-93-106-107-108-113-1U-135-139-140 

U1-142-U4 

88 

18-103-13  5-145-146-169-21 5 
176 

66- 207 

109- 112-127 
lA 

131-132 

232 

192 

67- 75 

179-191-194-226 

110- 116-135 
48-122-125-137 
215 

74 

32-76 

231 

92 

62 

157-168-186 

9 

7 

148-202 
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strain  Aging 
Stress  Relieving 
^tretch  Forming 
Surface  Treating 


199 

23-197 

112 

61-82-117-229-230 


Thread  Rolling 


115 


•Welding 

"Butter”  welding 
Cold  v/elding 
Percussion  welding 
Repair  welding 


5-24-25-26-27-2S-29~30-31-32-33-S2-74~?9-86-89-91- 

94-105-112-120-133-134-U3-154-l63-i64-172-200 


3 

90 

138 

154 
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other  Pertinent  Terms 


Index  tfcunbei’a 


As  tr  owe  Id 
Blades 

Circuit  Beards 

Compressor  parts  (general) 

Creep  Extrapolation 

Failure  Analysis 

Fasteners 

Honeycomb 

Joints  (general) 

Bonded  Joints 
Brazed  Joints 
Soldered  Joints 
Weldments 

laminates 

Mandrels 

Non-destructive  testing 
Nose  Caps 
Nozzles  (rocket) 

Pressure  vessels 
Reac  tors 
Rotors 

Solar  Concentrators 
Spring  wire 
Stress  Analysis 
Supersonic  Wing 
Tubing 

Turbine  Parts  (general) 


65 

77-78-80-81-231 

9 

77- 79-83 
35 

190-208-211 

38-48-115-118-174-208-216 

1- 26-27-28-33-44-E7 -62-65-76-233 

129 

1 

13-46-47-49-56-106-108-114-130-140-141 

7-9 

l_5_17_23-24-31-32-54-60-67-73-74-75-87-93- 

94-96-102-109-111-112-120-165-182-189-197 

U9 

131-132 

8 

137 

134-135-136 

60-190 

2- 3-5-206 
83 

235 

198 

185 

189 

40-72 

78- /9-80-81-83 
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APPENDIX  II 


AMOTA'i'ED  ABSTRACTS 


IA-61-1049-1 

U-1-61 


1*  MATEELIAL  CLiSSIFICAYIOMt  AdheaiTsa,  ■•tailic  aatarlala  assd  cca^poelt* 

(]wUllie<-aoa-aatallic}  Mterials 

TITLE:  Ttasile  jproparti**  of  Uolded  Aluoinua  Allagr»  Titanlua  All<gr  aad 
Stainlasa  St««l  Sb««t  and  Sxtruaion  and  Maobanioal  Properties 
cf  /kdbesive  Bonded  K»tal  Boneyoosb  Sandvieh* 

3. 

Ab  sxteaalve  test  prograa  vas  uodtertaken  to  deteraine  desiifa  allowables 
to  be  used  In  preparation  of  the  Saturn  S»II  proposal.  Tensile  properties 
for  the  following  Materials  were  to  be  dcterained  for  parent,  welded  and 
notched  aetallie  speoiaenet 


2024-T3 
2024-T351 
20U-T6 
511-2. 53ii 
301IFH 


Alcsdnus  Sheet 
Aliaslnua  Sheet 
Alnainiai  Eztrosion 
Titaaiua  Sheet 
Stainlesa  Steel  Sheet 


idbesives  and  eoapoaite  sandvioh  strustores  were  to  be  ewaloated  for  shear 
and  tensile  propertiee.  Ihe  adhesires  and  sandvieh  struetxirss  seleeted 
ware: 

HI424  Idhsaive 

FMIOOO  idhesiTe 

Israeo  406  idhssive 

Saaduieh  Fseiag  Sheets  of  511-2. 5Sb  0.025  ia.  thiek  Titanitai  AHot' 
Saxdwish  Core  of  Fiberglass  Haxoel  Mf-3/1^  in. 

UP-U,  4*0  lb  dsnsitjr,  5/8  la.  thiek,  filled  vi.th  Poljrurethane 
CHaa20-3  F<a«s 

ill  tests  were  to  be  ran  at  rooa  tei^peratare  and  -30(?. 

4.  ..gg-aafflas  or  .fiQKaaaflK* 

Tensile  wsl  shear  data  deterained  at  rooa  teapeiatare  and  >300?  fcr 
tbs  aboTs-listed  aatsrials  were  deterained  and  talmlated  in  Ikblas  1 
through  20  laslwiiTe  of  lab  Nmw  Id.  SN?  8-61-1. 

This  vork  vsa  doas  at  S£I0  of  Ill  sad  was  Coapaagr-SpiMeorad. 
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1*  mmnn  aASSIFICAIIOIIi 

2.  TITliBt  eiaddis^g  and  Bondii^  Material*  DeTalopneat  for  -9 

M^asead  Grg ania  Moderatad  Eaaatars 

0BJ?.cnV58  ?o  eraluat*  aladdiag  aad  diffusion  bairrier  natariala 
for  potential  ttse  with  iraniw  allojr  and  uraniua-eoRpo>xad  fuels 
for  organic  nodcrated  rsactors.  This  is  an  extansive  effort. 

• 

4.  i§§mAgi.qo]^!a>Ts 

9a  discarolble  raaetion  has  bt>«a  obserred  between  Sb  and  U  or  D-Mo 
alloy  fuel  mterials,  or  aloBiaaia  cladding  after  3000  hours  at  a 
teapsraturs  of  1000<T. 

Inci'eased  ernhasis  is  bsiz^  plaesd  on  D  -  10  Mo  as  the  foal 
aaterial  sinoe  it  is  presently  felt  that  the  higher  fuel 
tea^ieratts’es  tuty  require  a  Bore  highly  alloyed  fuel  for  resistance 
to  growth  and  swelling  in  a  radiation  field. 

Major  eaphasis  is  being  pdlaced  os  nicJcel  and  niobios  as  barrier  ^ 

aaterials  and  alwdncn  and  AFM  as  cladding  Baterials . 

This  work  was  A££-«poi88ared.  l-l' 


Subsdttcd  by  Atonies  Intemationnl  Dlrision 
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>UTEai41.  CI.^IFICATIQB:  Mitallio  M«Uri*i* 

2.  TITLEt  C<»poD»nt  oad  Struotural  Nkterlalj  DtvvlopMnt 
for  kA-nm«A  Sodiw-Coolod  H«ftfitor« 

3«  OBJSCTIYg:  To  •■tabli«h  d*«i(n  propartios  of  iaproTad  Or -Ho 
fcrritlo  cteolB  for  ••rrieo  to  1200^  ajid  to  daralop  welding 
teohaiques  for  tbeir  fabrloatioc.  fm  the  title  of  the  project 
iapliee,  the  ultiaete  tie«  of  suab  aaterials  ie  for  high- 
teapereture  eodiuBk-oooled  ntuleer  reectore.  Tbie  i>  aa  axt«nsiT« 
effort, 

4.  ,^.Ta4gt,jar...^VItI8  .<»  CQKlfglOlB* 

After  etreesed  a:d  onotreceed  ezpogore  of  434  (2%  Cr-1  Ko  - 
0,6  V)  wad  436  (2^  Car  -  1  Ife  -  0.6  V  -  0.6  Cb)  at  1100*7  for 
1000  boors)  Cfaerp7  V-«otab  traasition  tea^ratvra  was  oaohajigod 
but  the  traaflitioB  t^perattire  ruife  was  BerrcMvr.  fire  thousand 
bmar  tests  iadieate  the  soM  trend. 

Hm  djiMsie  aodulus  of  elasticit/  cf  438  Tsries  froa  28.8  z  10^ 
pei  at  roffis  tesqpermture  to  21.9  x  10^  psl  at  1300*7. 

Carbcw  loss  of  these  two  alloTS  in  11^*7  soditss  is  ooasidarablj 
less  than  that  for  the  straight  21/4  Or  -  1  Mo  steel. 

"Batter  welding*  teebniqaes  haTS  been  aodified  tfarcfogh  the  use 
of  a  lower  efaroatim  battering  alloy  to  prsTent  earbon  algration. 

The  stress  ruptore  properties  of  the  battering  alleys  sre  in  exoess 
of  those  for  the  ferritio  steels. 

This  work  was  ASC-epMssored. 


S^dmltted  by  Atovios  International  Oieision 
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ha-6i-io^^ 
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1.  MA;I2RIAL  CLASSIFICAmoS;  Hstallic  Material® 

Cofflponent  and  Structural  Materials  Iiernlapamnt 
for  Advanced  Soditsa-Cooled  Keactors. 

3.  OBJSCTI'VE;  To  establish  dealfjn  properties  of  iagaored  CS-Mo 
ferritic  steels  for  service  to  1200  ?  and  to  devel(^  veldlafi 
techniques  for  their  fabrication.  As  the  title  of  the  project 
isqslies,  the  ultimate  use  of  such  materials  is  for  hi^- 
te»«rature  sodium-cooled  nuclear  reactors* 

k,  ABSTRACT  0?  RESULTS  OR  CORCIiJSIOlSs 


Short-time  tensile  test  results  for  an  esQ>erlmental  SjCr-ll4>» 


0,6Y-0.6cb  alloy  steel  are  as 

follovs: 

Test  Tanp. 

Y.S.  (0.25^  offset) 

U.T.S. 

Elong.  at 

i  R.A. 

F 

(103  psi) 

(lOJ  psi) 

Fracture  (%) 

Boon 

30.5 

69.6 

34.5 

84.7 

400 

25.7 

56.0 

31.0 

81.0 

6co 

22.9 

53.4 

27.0 

80.0 

800 

24.4 

53.6 

26.0 

79.9 

1000 

21.6 

42.9 

36.5 

84.5 

1100 

19.9 

34.4 

63.0 

89.6 

1200 

17.5 

28.5 

61.0 

93.2 

1300 

16.1 

20.9 

72.0 

95.^ 

The  values  r^rted  are  averages  of  duplicates. 

This  vork  vas  ASC -sponsored  and  -pertoraed  "by  Atomics  International  Dirlsios 
under  an  extensive  program. 


Index  No.  3A 
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[:  Mst&Uic  Materials 


2*  TITIE;  APM  Cladding  Materials  Derelopaent 


03JEGTIV]Et  The  objectiTe  of  this  work  is  to  develop  inforwitioQ 
on  AFM  cladding  materials  that  will  predict  their  performance 
under  FOHl  (Prototype  Organic  Power  Reactor)  environmental 
conditions.  T-ls  Is  an  extensiva  effort. 


An  area  of  particular  interest  was  that  of  deterriining  the  effects 
of  strain  rate  on  APK  materials.  Information  of  this  type  is 
iiq;xs'tant  as  an  aid  in  understanding  the  failure  meobanisma 
involved,  and  should  be  considered  in  standardisii^  future  testing 
procedures. 

The  data,  shown  in  Table  I,  are  representative  of  two  recent  lots 
of  aa-fabricated  0.100  in.  thick  sheet.  The  tests  were 

run  on  a  60,000  lb  Qaiveraal  testing  Machine. 

The  following  are  general  observations  based  on  the  «icm»what 
limited  data] 

1.  In  most  oases,  the  yield  strengths  arc  slightly  higher 
with  increasing  strain  rates. 

2.  A  significant  ^read  regarding  effects  of  strain  rate 
on  ultimate  tensile  strength  and  ductility  is  not 
readily  apparent.  The  data  appear  somewhat  scattered. 

3.  Ttie  interrelationship  of  strain  rate,  tes^rature,  aud 
orientation  of  test  specimen  (i.e.  transverse  or  longitudinal 
with  raspact  to  rolling  direction)  is  uncertain. 

Additional  tests  arc  in  {s-ogress  to  gain  basic  property  data 
that  will  be  useful  to  desigmers  in  utllisaticm  of  AM  hateriala . 


This  work  wms  ASC-sponsored. 


ST^^mitted  hy  Atcsiics  International  Division. 
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STRAIN  KATR  ON  TENSILE  PROPERTIES  OF  K~257  SHEET 
(0*100  in.  sheet,  an  roooived) 
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MATERIAL  CLASSIFICATIOR;  Metallic  Material* 

TITLE;  APM  Cladding  Materials  Pevelojiaeaxt 

OBJECTIVE ;  Bie  objective  of  this  work  is  to  develop  IsforBatloa 
on  APM  cladding  imterlals  that  will  predict  their  perfomaace 
under  POPR  (Prototype  Organic  Power  Reactor)  eavlronaaatal 
conditional 

ABSTRACT  OP  KESOLTS  OR  COHCL03IOB3: 


Results  on  the  fiwt  series  of  subsize  fuel  rods  cocsisting  of 
1102  pellets  clad  with  M-257  tubing  shoved  no  reaction  between  tba 
two  materials  after  5000  hours  at  teii5)erature8  to  1100  P. 

Mechanical  testing  of  APM  finned  tubing  at  3x>oa  and  elevatad 
tesmeratures  (60Q,800,  and  900  P)  hzts  revealed  the  following: 

(a)  Strengths  are  comparable  with  those  of  extrodad 
bar  and  sheet  materials. 

(b)  Burst  tests  show  that  the  ultimate  hoop  strragtk 
values  do  not  deviate  more  than  10^  front  the  *hor«» 
time  ultimate  tezrsile  strengths. 

IM*  work  was  AEC  i^nsored,  and  was  perfoimed  under  an  iKtonsiTS 
program  by  Atomics  International  Division. 
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Index 


1.  MATERIAL  CLASSIFICmogT;  Mstallic  Katerlal* 

2.  UTLS;  High  Strength  Cladding  Alloy  Deroloifflient  for  Advanced, 

SodivjE-Cooled  Nuclear  Reactor* 

3.  OBJEOliYii;  To  (a)  develop  a  high  strength  alloy  with  properties 
3uita!Eie"’for  use  as  cladding  for  fuel  element  and  saoderator  la 

a  sodium-cooled  readier;  (h)  fabricate  sufficient  strip,  ttd>tng 
and  "bar  stock  for  the  assembly  of  such  core  con^xsnents  as  fuel 
elements  and  moderator  cans;  and  (c)  datenoine  the  effects  of 
irradiation  on  the  properties  of  the  cladding  material. 

4.  ABSTRACT  OF  RESULTS  OR  CONClUSIOBSi: 

Flare  testliig  of  O.810"  0-D.  x  0.022"  vail  tiibing  of  3Z1  alloy 
(1.25  v/o  Al,  1.0  v/o  Sa,  1,0  w/o  Mo,  "balance  Zx)  restilted.  in  a  22^ 
increase  in  diameter  without  cracking.  Elevated  tes^peratur® 
tei^sile  tests  on  6"  lengths  of  the  tubing  showed  the  following: 


Test  teng>erature 

(y) _ 

600 

1000 


Y.S.  (0.2^  offset) 
(103  psi) 

57.6  (55-.O) 

43.5  (45.0) 


U.T.S.  ^  Sloog. 

(lO^sl)  la  6" 

79.4  (75.0)  10.5 
58.8  (57.0)  16.7 


Values  in  pwurenthesis  are  for  0,050"  vacuum  annenled  strip. 


This  alloy  has  shown  favorable  physical,  mechanical,  and  fonnability 
properties  for  use  in  sodium-cooled  reactors  operating  to 
tenperatures  of  1200  F. 


ibis  work  was  ASC -sponsored,  and  was  porfonaed  "by  Atomics  Intematlosial 

revision. 
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1.  MiyaiAL  cLA33incmQ>:  muuu 

2*  TITLE:  Jdv«jiMr«d  ItaslMf  FxmI  •std  NfttcriAl  lk$v»lvpmmt 

3.  To  lBv«atigat«  tarn  and  pramlalnc  iis»elc«r  fml 
■atarlAla.  This  ic  aa  •xtanalv*  affort. 

4.  ABSBiCT  or  RgSOLTa  OR  CQ8CHBIQB:  BrMaformtioa  kl»tlo8  studias 
kgr  xHraj  dlTfraatioa  hava  abowa  laatlrirBal  tranaforaatian  aftar  20 
aad  16  haarc  at  550*C  of,  raapaatlaaly,  D  »  14  «ad  U  -  16  Mo  allcjs 
gaaaiatiaad  at  ^OO^C* 

AmljRia  of  12  data,  aa  wall  aa  data  f^oa  athar  aitaa,  aocgaata 
that  aataotold  allogra  ara  sora  alqu^  tranafcnlaf  thaa  ara 
the  M^pa-  aad  iigrparaataataid  U  -  Me  allo^. 

The  fallawiac  tabxaa  liat  tha  taaaila  raaults  m  a  qoataraary 
n  -  No  -  lb  -  T  alliir  aad  a  tmrmrj  D  -  Na  -  T  alla^^.  la  both 
aaaan  the  allegra  waara  hgaagaa^aat  daa  ta  heat  treatiaf  at  ^OO^C 
prlar  te  taatlod*  Tba  straafth  7al«ac  ahaim  for  the  q«atarBar7 
allagr  ara  apprealaataly  10%  higher  thaa  for  tha  biaarj  U  -  10  Ma 
rafaraaaa  allagre  1^  tha  aaaa  af  tha  U  -  7.5  Ma  -  2.5  V  allfljf, 
atraafth  Talaaa  ara  lass  thaa  thaea  far  0  -  10  Na. 


TiBUt  I 


onaaraca  raoalta  af  twa  tpMtimm  at  aaah  taapagatTire 


0 


Xatas  Sa.  6 


94-61-10^9-1 
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TABI£  II 

TgjSII<S  0?  P  -  7.5  tfo  -  £.5  Y 


Saffiple 

»o. 

T^sper- 

eture 

{«c) 

Oltiaate 

T.S* 

(pel) 

lieid  1 
strength  ! 

A  -Slff  ' 

Offset 
(l«D  - 

ReductioQ 

WA  ii4  Wm 

i%) 

E1o]:4&- 

tioa 

(5^) 

2 

R.T. 

111,500 

45,0<X) 

9.5 

< 

✓ 

4 

200 

ai,8oo 

68, OK) 

35.5 

17.5 

5 

400 

161,7(K) 

100,500 

2.0 

2 

6 

600 

45,500 

! - ! — ^ . 

20,W 

25.5 

10 

•  Irorage  rosiilta  of  two  apcoisMss  at  eaoh  temperature 


Thltt  »ork  was  ASC-spoosered. 

Subaitted  by  Atoadee  Intaraational  DivlaloB. 
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1.  MATERIAL  CUSSIFICATIONi  Hetallic  Material* 

2.  TITLE;  Residual  Stress  Measiu-cnient  by  Ultrasonic* 

3.  CBJEGTIVEt 

To  develop  a  nondestructive  residual  stress  measurenent  technique  which  is  nore 
reliable,  less  expensive  and  more  versatile  than  X-ray  diffraction  which  is  nw 
the  only  nondestructive  method.  The  system,  if  successful,  will  liave  immediate 
application  to  the  stucty  of  dimensional  stability  in  precision  instrument  materials 
but  will  also  be  widely  used  to  solve  a  vai'iety  of  coimercial  and  military  design 
and  production  problems. 

h,  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS: 


New  Program  -  No  data  available.  It  is  expected  that  this  project,  pending  feasi¬ 
bility,  will  be  funded  by  Autonetics  and  will  be  limited  in  sise. 


index  Ik),  S 
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1.  MATERIAL  CLASSIFICATION:  Metallic  Materials 

?«  Trn£i  Effect  of  Imperfections  on  Solder  Joint  Reliability 

3.  OBJECTIVE; 

Imperfections  in  the  solder  joints  of  etched  circuit  board  assemblies  may 
adversely  effect  reliability  because  of  their  susceptibility  to  corrosion 
and  because  of  possible  electrical  and  mechanical  failure  as  a  result  of 
agiriK  accelerated  by  vibration. 

A  study  is  beine  made  to  establish  failure  suscentibilities  of  printed 
(etched)  circuit  boaH  assemblies  with  common  types  of  solder  joint  imper¬ 
fections  both  naturally  occurring  and  artificially  produced, 

Boa'cd  assemblies,  mounted  with  conconents  varying  in  lead  material,  diameter, 
and  weight,  will  be  soldered  in  a  manner  to  induce  a  large  number  of  imper¬ 
fections  (defects).  An  effort  will  be  made  to  isolate  different  types  of 
defects,  such  as  voids,  cold  joints,  deoletion  and  poor  wetting  of  leads  and 
Dlated  through-holes,  observe  their  magnitude  and  obtain  reliability  data 
related  to  particular  imnerfections.  The  data  are  to  be  obtained  by  subject¬ 
ing  the  boards  to  vibration,  temperature  extremes,  aging  and  humidity. 

a,  ABSTRACT  OF  RESULTS  OR  CONCLDSICRS; 


Nev  program,  no  data  available. 

This  work  is  being  perforaed  at  Autonetics  under  Air  Force  sponsor^ 
contracts.  This  program  is  coderste  ia  sise. 
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1.  M<iTERIAL  CLASSIFICATION!  Metallic  Materiala 

2.  TITLE:  Dimensional  Stability  Characteristics  of  Alnainuss  Alloys  i 

3.  OBJECTIVE t 

Elastic  limit  and  residual  stress  ineasuirerents  in  parts  and  materials  were  deter¬ 
mined  as  functions  of  heat  treatment  variables  in  202i*  and  A356  aluminum  alloysa 
Similar  work  is  being  undertaken  for  Tens  50,  Tenzalloy  and  X2020.  This  work  is  ^ 

to  determine  the  optimum  heat  treatments  for  these  alloys  and  to  study  test 
methods  directly  related  to  dimensional  stability  (e.g.,  microcreep).  The  data 
are  required  in  the  design,  fabrication,  and  reliability  verification  of  high 
precision  inertial  instruments  such  as  gyros,  accelerometers  and  also  opti«il 
sj’stems  where  stability  within  one  to  five  microinenes  per  inch  over  several 
years  is  an  objective.  This  is  an  extensive  effort.  ^ 

L.  ABSTRACT  OF  RESULTS  OR  CONCLUSIOHSt 

The  -T85I  temper  of  202li  alloy  was  determined  to  be  optimum  as  was  a  boiling 
water  quenched  and  sub-aero  shock  cycled  version  of  the  -T6  temper  in  A356. 
l^-picai  values  for  residual  stress  and  clastic  limit  in  certain  specific  con¬ 
figurations  of  202li  are  as  follows:  ^ 


ALLOY 

RUSTIC  UQT,  psi 

RESIDUAL  STRESS 

202U 

30,000 

1,700 

A356 

10,000 

2,500 

This  work  has  been  supported  by  USAF  in  B-70  (N33)  and  Minuteman  Producibility 
Study  programs  j  and  is  conducted  by  Autonetics. 
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1.  SERIAL  CLASSIFICATION:  Keiallic  Materials 

2.  TITLE;  Resistance  Strain  Gage  Methods  for  Establishing  Material  Dimensional 

Stability  Parameters 

3.  OBJECTIVE; 

(a)  To  develop  a  method  for  determining  one  nicroinch  elastic  limits  in 
metallic  materials. 

(b)  To  obtain  quick  method  for  monitoring  dim.ensional  change  as  a  function 
of  materials  and  processes* 

(c)  To  devise  a  technique  for  microcreep  strain  measurement. 

Tnese  data  are  reouirec  in  the  design,  fabrication  and  reliability  evaluation  of 
gyros,  computer  memories  and  other  precision  instruments  where  dimensional  sta¬ 
bility  to  l-E  microinches/inch  over  periods  of  several  years  is  an  absolute 
essential.  This  is  an  extensive  effort. 

h.  ARSTPJICT  CF  RESULTS  CR  CCNCLUSIONS; 

A  technique  for  measuring  elastic  limits  has  oeen  developed  in  which  the  standard 
deviation  in  strain  measurement  error  is  less  tnan  h  X  10“7  inch/inch.  Long-time 
dimensional  stability  of  materials  can  be  monitored  with  an  accuracy  of  four 
microinches  per  inch.  Techniques  for  microcreep  are  still  being  developed*  The 
work  is  being  conducted  at  Autonetxcs  and  is  supported  largely  by  USAF  Minuteman 
oesipn  and  producibility  studies. 
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1.  VA7EFJAL  CLASSIFICATION;  Ketallic  Materials 

2.  TITLE;  Evaluation  of  Forced  "Instronant  Grade"  and  Comnercial  Vacuuai 

Hot  Pressed  Berylliunu 

3.  OBJECTIVE t 

Five  available  tj'pes  of  beryllium  will  be  evaluated  extensively  witii 
respect  to  properties  required  for  inertial  navigation  and  computer 
components.  Three  of  these  will  be  commercially  available  vacuum  hot 
pressed  material,  one  will  be  forged  and  one  will  be  a  new  "Instrument 
Trade’'  expected  txi  be  available  soon.  The  parameters  under  study  will 
include  bulk  soundness  macro  and  microstructure,  thermal  expansion, 
precision  elastic  lir.ii  ,  and  a  very  limited  oilot  SMWey  aging  phenomena, 

li.  -BSTFy'CT  OF  PE:SULTS  or  CONCLUSIONS; 

This  is  a  new  nrogram;  no  data  are  available.  7ne  work  will  be  performed 
at  e.utonetics  unaer  the  sponsorship  of  the  Air  '^''rce,  Kavy  and  Autonetics. 
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1.  MATERIAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLE;  Erased  Ccrragated  Sandwich  Davslopaant 

3.  OBJECTIVE; 

1.  Dsvelopment  of  procisasing  prccedure  for  fabricating  corrugated  sandwich 
material  using  standard  furnace  brasing  technique*. 

2.  Conduct  a  met-allurgicsl  evaluation  to  determine  joint  characteristics. 

3.  Conduct  prsliirdnarv  mechanical  .property  test*  for  structural  design 
purpose*. 

L.  ABSTRACT  OF  RESULTS  CH  CCNCLuCIQMS; 

Furnace  brazing  retorcs  have  been  designed  and  fabricated.  Mo  sandwich 
Danel*  have  been  fabricated  to  date.  This  wciic  is  Company-oponaored  ly 
the  Columbus  Tivisicn,  and  is  being  conducted  under  a  moderate-la-slxe 
prograa. 
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1.  MATERIAL  CLASSinCATIOM;  Metallio  Materials 

2*  TITLE;  Brazed  Corrugated  Sandvdch  DovelcfSBont 

3.  OBJECTIVEt 

1.  Developsnent  of  processing  procedure  for  fabricating  corrugated 
sandvfich  material  using  standeird  furnace  brazing  techniques® 

2.  Conduct  a  metallurgical  evaluation  to  determine  joint  character¬ 
istics  . 

3.  Conduct  preliminarj  mechanical  property  tests  for  stracrt'f.Jral 
design  purposese 

4.  ABSillACT  OF  RESULTS  OR  CCNCHBICNSt 

This  program  is  related  to  the  over?"'!  effort  to  most  affectively 
utilize  the  potentialities  of  various  fondwich  configurations.  The 
comparatively  low  cost  of  corrugated  core  and  use  of  existing  furnace 
brazing  methods  makes  this  type  of  sandwich  very  attractive*  Pre¬ 
liminary  investigation  of  the  feasibility  of  increasing  the  usage  of 
brazed  sandwich  structures  showed  that  corrugated  core  and  facing 
sheets  of  PH15-7Mo  stainless  steel  can  be  successfully  brazed  by 
current  furnace  techniques  and  at  lower  costs  than  panels  with  honey¬ 
comb  core, 

Retort.s  have  been  fabricated  and  corrugations,  facing  sheets  and 
brazing  foil  have  been  assembled.  The  first  assembly  is  ready  for 
brazing. 

This  company-spor.sored  program  is  of  moderate  magnitude,  C!on?>l8tion 
by  1  October  1962  is  anticijxited.  Work  Is  being  performed  by  the 
Oolumbus  Divlsicxi. 
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1.  MATERIAL  CLASSIFICATION;  Hetjdiic  MtterisO^ 


2»  TITLE:  Fracture  Mechanisa  Study 


3.  CBJEGTI7S: 


Tensile  tests  will  be  conducted  on  specimens  of  various  sizes,  notch 
preparation  and  notch  type,  i.e.  natural  fatigue  cracks  and  very 
sharp  machined  notches.  H-11  steel,  X-2020  and  7073  Al.  alloys, 

B120  VGA  and  lAl~3Mo->lV  titanium  alloys,  and  17~7PH  and  PH15-7Mo 
alloys  will  be  studied.  Correlation  between  transition  -temperatui*®, 
notched/i^nnotched  strength  ratio,  Gc  values  will  be  investigated. 


AB£TR.\C?  OF  RESULTS  CONCLUSIOKS : 


Test  specimens  are  beirig  prepared.  This  project  is  Company-sponaored 
bj'  the  ColunbuE  Division  and  Is  limited  in  magnitude. 
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4-15“62 


1.  Mateiiia 

2.  TITUS  I  Fr^otiar#  Msehsuiioa  Sttsdy 

3.  QMmmi 

Teoflile  tssts  will  bs  ccsdiiotsd  od  sp»«ia»iis  of  various  sisss,  uotoh 
preparation  and  notoh  type,  l.e.  natural  fatigue  cracks  and  very  sharp 
sachined  notcbss.  H-U  steel,  1-2020  and  7075  Al.  alloys,  3120  VGA 
and  4A1-3MO-1V  titaaiua  alleys,  and  17-7PB  and  PH15-7Mo  alleys  will  be 
studied.  Coirelatlon  between  trarsitlon  -tesperature ,  notohod/unnotebed 
strength  ratio,  Gq  Taloee  will  be  iorestlgated. 

4.  ABSTRACT  OF  RESULTS  QR  CQSCLlSIQKSi 

Specljtens  have  been  finish  OEachined  frcai  1-2020  aluainm  and  B120  ?CA 
titaniusi  alloys.  Speciiaens  reaain  to  be  naehised  froe  PH15-7Mo  and 
17-7FH  Et;ainLr<8a  steels,  4Al-3Mo-lV  titanlisa  and  7075- T6  aliadnisa  alloys. 

No  testing  ha/i  been  ccatpletod  to  date.  A  liait»d  nuaber  of  rocsi  tesper- 
ature  teats  aiaould  be  conducted  during  the  next  quarter  and  a  large  portion 
of  the  aoall  conventional  speciisons  should  be  finish  isachinod. 

Teat  speciEeaa  are  being  prepared.  This  project  ia  CciBpaniy-oponsorod,  and 
is  being  conducted  by  the  ColuBbus  Division, 

This  noderate-oagnitude  prograa  is  scbaduled  for  ccapletion  in  SeptoJBber 

1962. 
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1.  KATEP.IAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLS:  Residual  Stresses  in  H-11  Steel  Sheet  4-  Th&ir  Effect 

on  "Coralloy  Y"  Procoasing 

3.  OBJECniVS: 

Resicual  stresses  will  be  measured  by  x-ray  diffraction  mathoda  In  H—U 
steel  specimens  prepared  by  v&rious  processing  methodsj,  inCiUding 
straightening  and  clastic  deformation  at  different  points  in  the  heat 
treat*, ent  cycle  and  stress  relief  treatments.  Specimen  with  high 
residual  tensile  stresses  will  be  Coralloy  T  plated  tc  detancine  the 
susceptibility  to  cracking. 

L.  ABSTRACT  CF  RESULTS  OR  COhCIJUSIONS: 


Work  done  to  date  has  been  concerned  with  specimen  preparation  methods^ 
calibration  and  experimental  techniques  to  accom.plish  the  program. 

This  project,  considered  to  be  15^  ccmplete,  is  being  performed  under 
sponsorship  of  the  Bureau  of  Naval  Weapons  by  the  Columbus  Diirision 
end  is  an  extensive  program. 
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1.  fetelllc  MaterUls 

Eeaidoal  Star««8»s  In  B-CU  Ste«l  Sh»«t  and  Tbsir  Effest  ea 
‘*Corall^  Froecealag 

3- 

Residual  stresMs  tdll  be  WMusored  bgr  y-<ej  diffraetlna  net^ds  in  ^ 

B^U  steel  ajieelaans  prepared  bj  various  prooesait^  nsthoda, 

ii^  straightening  and  plastic  defonaation  at  different  points  in  the 

beat-trea^Bt  oTele  aid  a  trees  relief  treataents.  Sp&oiaan  vith 

high  residinOL  tensile  stresses  viU  be  Carallpf  I  plated  to  deteraim 

tbs  sosoaptlbilitT'  to  erashing« 

d 

This  prograa  has  been  disoo&timsadc  TT»  investigation  had  not  pro- 
greseed  sufficiently  to  obtain  £^7  reportable  results.  The  projeet 
uas  being  |MrforB»d  uxdsr  B\arean  of  .^val  yeepons  spoSBcrship,  and 

uaa  to  be  of  extenaive  segaitudo.  This  uae  a  Cktltabus  Division  § 

prograa. 
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1.  MATERIAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLEt  Effect  of  Section  Size  &  Heat  Treat  on  Notched  Static  &  Fatigue 

Strength  of  H-11  Steel 

3.  OBJECTIVE; 

The  sharp  notched  static  and  fatigue  strengths  of  CEVM  steel  heat  treated 
to  tensile  strength  ranges  of  240—260,  260—280,  270-290  Ksi  will  ba 

determined  using  various  specimen  geometries,  such  as  flatsi.  rounds  and  @ 

squares,  and  section  sizes  ranging  from  (.  180  to  16.0  sq.  inches. 

4.  ABSTRACT  OF  RESULTS  ffl  CONCLUSIONS; 

Project  just  starting  -  materiel  has  been  received  and  specimens  are  being 

machined.  This  work  is  being  performed  under  Bureau  of  Naval  Weapons  § 

sponsorship  by  the  Columbus  Division.  Bie  program  is  exfcensivst. 


S&-6l.ia49^ 

4-15-62 


1.  IfetalUo  Materials 

2*  TlTLai  Sffeot  S»3tioa  3ise  azd  oa  &>t«h@d 

Statie  and  S^es^(th  ei  E>11  Steal 


sharp  p^tebed  statla  aad  fatigta  strei^tbs  of  CS9M  stftsl  heat- 
treated  to  taztsils  8tr«R3th  raeges  of  240'^260,  260^2&>,  270-2^ 
ksi  td.ll  be  daterBlnsd  ^isg  Tariocs  speeioofi  geosotrlee^  sooh  as 
flats ,  rovfflds  asd  ^mres,  aid  esotioa  sisos  rasgip^  frea  0»1SC  to 
16.0  s<{.  Isohso. 

4.  Mmsui^MsmtssLoom^im* 


%is  ][eregraa  has  b«o£  dl.seeatii^d .  A  pcrtiea  of  tha  sfseiaea 
Ing  ucrk  wtta  etsi^sted  but  &o  r^xsrtoble  results  were  obtaisad.  I^cgra^ 
was  boisg  perforsvd  tz^ar  the  Bp^istsnhip  of  tl»  Boroau  ^  Saael  Vfeapose 
fcod  was  to  be  of  eztozssive  oagnltude.  Tha  frc^^aa  ^s&a  ootduatod  by  the 
Cali^n^  Mtrlslozi. 
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MATERIAL  CLASSIFICATION i  Metallic  Mafeeriela 

TITLE;  S'-  --ic  &  Fatigue  Notched  Strength#  of  H-U  Steel  Sheet 
Weldsents 

OBJECTIVE; 


To  detemins  the  notched  and  unnotched  tensile  strengths,  at  room  and 
elevated  te3iperatars,of  base  material  and  welded  speci.a»ns  of  Air 
Kelt  and  CF/M  H-U  steal  he#>t  treated  to  tensile  strength  level#  of 
210-260,  260-280,  270-290  ksi.  The  notched  and  unnotehed  fatigue 
strength  under  axial  loading  at  rocan  tcnjjorature  and  650?,  will  be 
detenrinad  for  similar  specimens. 

ABSTRACT  OF  RESULTS  CE  CQNCUJSIORS; 


None  to  date.  Material  for  specimens  has  been  received. 

This  woric  will  be  performed  under  Bur-eau  of  Naval  Wea^ns  sponsorship 
by  the  Columbus  Divi  ’ion  oa  an  ertenslve  scale. 
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1 


nUiSl  static  AoS  ^Atlgue  S^sgt&s  of  S-U  Ste@l 

S^ot  (fsldsas^is 

3. 

?e  dstenuls^  tbs  BO&ohsS  u^otsebsii  ety^sgt-Ka  ^ 

Asd  slcsTAtAd  t«ijsa/.*attre  s£  heuss  E&torial  snS  ^Mad  spAdisass  of 
Air  Malt  ssd  S-dl  stesl  to  tostiilo  st^ei^th  I^orals 

of  240>4i60,  260~2^i0,  27Q^i^O  kBi«  satoh^  aaS  '.SEiotobad  f&tigias 
stroQStb  cader  &7.1a1  leadii^  at  rooa  t-asiptjpatis^  sjoJ  650^,  «111  b« 
d*t«s«ind  fer  sistHsr  spsoioe&fi. 

Rsl#  jRfcgraa  baa  b«ss  Siscoatiaisi,  So  ropoptabls  r«s«l.ta» 
tAimi,  Ibe  jp3feg?sa  was  tj>  b»  ft;:ti»&siv«  aad  parfcsnssd  aed«j“  Bure«B 
^  SiiTal  jposiscH^hip  et  tb®  Coloeboa  Diviaiea. 
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I^JITEBIAL  CLASSIFICATIC^:  Metallic  Materials 


2*  TITLE;  Effect  of  Electroches  Hilling  cn  Fatigna  of  H-U  Steel 
CbJECTIYE: 

Repeated  bending  fatigue  tests  were  conducted  on  nil!  surface  and  electrc<» 
eheiE  ad  lied  specimens  of  M— 11  steel  with  axis  parallel  to  and  transverse  to 
the  sheet-rolling  direction.  All  specimens  were  heat  treated  to  the 
280-300  Ksi  tensile  strength  range.  curves  were  obtained  for  the  four 

conditions  to  evaluate  the  effects  of  electro-chem  sdlling  on  the  fatigue 
strength  of  the  base  materiel. 

4.  ABSTRACT  OF  RESULTS  C&  Ct^CmsiOIiS; 

The  results  obtained  indicated  that  elactrc-chesa  aill-ing  had  no  significant 
effects  on  the  fatigue  life  of  H-11  steel. 

This  work  is  being  performed  under  Bureau  of  Naval  Wo^ns  sponsorship  and 
is  approximately  905S  completed.  Program  ia  being  condwted  by  th® 

Columbus  Division  and  Is  soderate  ia  si*®. 
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4«.15^ 


1.  mmikj&mmmsMi  Matariios 

2.  UTLgj  Effost  of  Sl»9^o«h^  MiUiiag  laai  Patigoa  of  H-U  St««l 

3.  mmusMi 

Bepaati^  baadlog  t&tigaa  tests  were  oossicoted  oa  aiU  stsTfsee  i 
eldstrosbes  sdll^  spseiasas  of  B-U  steel  with  saie  parallel  MsS 
traasrerse  to  the  shset^rollinf  direotioa.  All  speoiseos  were  t^t^ 
to  tho  280~3C^  hsl  tssisile  stroi^th  raj^.  S'S  ourvee  were 
obtained  tee  the  fotor  oos^itio^  to  evslmts  tk»  effootc  of  elootro* 
ehsfit  iailllBg  oa  the  fetigoe  streagth  of  tbs  base  sietsriel. 

TMs  prograsi  ha^  bees  disooati&i^sd.  The  raw  data  generated  is  mit 
ooffiBldered  to  be  worth  reportiag.  This  EuklsaratSHas^oituds  psrojeot 
\Ris  bsing  psrforffisd  uoaer  Bureau  of  ^^poas  sponsorship  by  the 

Ck)l\ffld3Q8  Division. 
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1.  MATERIAL  CLASSIFICATIOHt  Metallic  Materials 

TITLE;  Determination  of  Mechanical  Properties,  Design  Llsdts  for 
2AO-260  Ksi  H-11  Steel 

3.  OBJECTIVE; 

To  determine  design  allowables  (tension,  ccmpression,  shear  and  bearing) 
pertinent  to  the  use  of  H~ll  steel  in  the  2AO«^60  Ksi  range  as  *n 
aircraft  structural  material. 


i.  ABSTRACT  OF  RESULTS  OR  COKCLDSIONS; 

Test  specimens  in  preparation  August  1961.  This  work  is  being  performed 
under  Bureau  of  Naval  Weapons  sponsorship.  Ccsnpleticn  is  anticipated  in 
December  1961  by  the  Columbus  DiTision.  ihe  program  is  moderate  in  siae. 


« 
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1, 

2. 

3. 


J&tftllis  i^tee'ials 


Stotoreimtioa  of  It»8hAsleftl  ;^ops$rii£^s,  Decifs  Lislto  fo? 
24Q>^^  ksi  S-ll  SUttl 


Tta  aUc^ables  (t^osloc,  9csepr<»ei^s  ^iMur  «aS  b«Qri2^) 

psrtisaBt  te  of  E«X1  st^l  Ik  t4s  240-260  Sei  rsjege  as  as 

aireraft  stnsottsral  Kit«rial. 


4. 


F^siyaissl  teoiis^  haa  soBj^latsd.  Esps&*t  to  ba  praperaS,  sith 
eoEapletl^  ostiaateS  as  1  JtJBs  ^bls  prcp^ea 

i«  sposaesPsS  ^  tl»  ef  &?al  l^pggaa  at  ^  CelmbTsa  Mvlsioa. 
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1.  MATERIAL  CLASSIFICATION:  Metallic  Materials 

TITLE;  Hastelloy  R235»  Detennination  of  Design  Properties 
3.  OBJECTIVE; 

To  determine  elevated  temperature  design  properties  of  both  annealed 
and  heat  treated  R235  sheet  pertinent  to  its  use  as  an  aircraft 
structural  material. 

A.  ABSTRACT  OF  RESULTS  CR  CONCLUSIONS; 


Heat  treated  R235  sheet  retains  its  yield  and  ultimate  strengths  very  veil 
up  to  lAOOF  in  addition  to  displaying  good  ductility.  R235  also  exhibits 
exceptionally  high  shear  strength.  Other  design  properties  (cttapressive 
yield  and  bearing  strerigths)  are  correspondingly  high. 

For  stability  at  temperatures  above  lOOOF,  R235  should  be  used  in  the  aged 
condition,  oohervise  aging  will  occur  in  ses-vice. 

There  are  no  existing  material  specifications  for  R235,  Ixhen  adnimum  yield 
and  ultimate  strengths  have  been  guaranteed  by  producers,  the  data  detorBiinod 
by  the  investigation  could  be  reduced  to  minimum  "design  allowables". 

This  work  was  cerformed  under  Company  sponsorship  and  reported  in  NA61H-A.66 
by  the  Cclumtus  Livision.  The  program  was  limited  in  nagaltude. 
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1.  MATERIAL  CLASSIFICATION;  Ketgdlic  Matsrisile 

2.  TITLE:  Evaluation  of  26i&-T6l  &  2618-F  Alussinus  Alloy  Billet 

3.  OBJECTIVE: 

Deterrlne  aachanical  properties  (including  notched  and  unnotched  tensile 
strength,  bearing,  shear,  compression,  stability,  fatigue,  and  creep)  of 
2618  al'iminum  hand  forged  billets  at  room  tesnoerat'ire,  250F,  325F  «k1 
LOOP.  Billets  include  some  which  are  purchased  in  the  **?*•  condition  asai 
exceed  the  L"  thickness  of  Federal  Spec,  QQ“A~367.  Those  billets  will 
be  reduced  in  thickness  (prior  to  heat  treataept)  to  a  maximuB  thickness 
of  A”  before  the  above  named  properties  will  be  dotominede  Billet 
sizes  to  be  exmintod  iriciude  3”  x  6^’*“T6l,  4”  x  8**-F,  and  8"  x  1I*M^. 

Two  aupcliers*  materiaJ^  will  be  studied  under  this  erfcensivc  progrea. 

A.  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS; 


No  data  available.  This  work  is  being  perfonried  under  Bureau  of  Naval 
Weapons  sponsorship.  Completion  is  anticipated  in  July  1962  fcy  the 
Columbus  Division, 
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ife't«Ilie  »&t«7ial8 


Sr«du£tio&  of  2618-1^1  tati  26l8~f  Altsisaai  AXlsf  Billot 


Dotoraise  seohsaioal  pe’oporties  (ijssladin^  E^tobsd  stM  tgmotobod  te&- 
aila  strei^h,  bsaria^,  eba6P,  etabilitj^  and 

cr»8p)  of  2618  alsaii^  h&^-farg@d  billate  at  25^s 

325?  ^0(F,  Sillet$  iaelxda  acsas  ahloh  ere  pisrsb&B$S  ia  tbo 

oonditloa  cisd  oxeeod  th«  4**  toioimssa  of  FeSm-el  Spse,  QQ-A-367.  Tlase 
biUota  will  bs  radioed  la  thiokzess  (pri&t  to  hsot-^^tsset)  to  a 
Baadfisa  tldLa^Emss  of  bof^^  abo^  mmS  ircj^rtlea  will  b@  do- 
toralaad.  Billat  sites  to  b®  assslidsd  imlod®  3*  X  6-1/2* -T61,  4*  I 
8*-?,  SBiS  8*  I  11* -F,  Two  sij^liers*  ^tssfiais  will  bs  atislieS. 


^EMs  prognat  disooatiaaed  tdsaa  approscimtsly  50^  eosplato.  Baw  data 
wtsre  cbtaioidl,  bat  &ot  rodase<l.  Has  ptogt^etss:  w&e  ^iglaalljr  plasasd 
to  bo  of  extei^lTe  wagadtode,  spostaored  by  tbo  Bierean  of  Saval  beepms 
aod  ocasiiaeted  br  tbs  Coloabas  Divisioii. 


1.  MATERIAL  CLASSIFICATION!  Metallic  Material* 

2.  TITLE;  Vacuum  Melted  Ultra^igh  Strength  Nickel  Steel} 

Preliminary  Evaluation 

3.  OBJSCTIVS; 


To  determine  tensile  properties  at  Room  Temperature,  600F,  and  SOOP, 
room  temperature  notched  tensile  strength,  and  Charpy  impact  energy 
at  RT  and  -100?, 

A.  ABSTRACT  OF  RESULTS  OR  COKCLUSIONS; 


Average  tensile  properties  of  the  25?  nickel  steel  yielded  the 
following: 


KLong. 

Red.  in  Area 

Fty 

Ftu 

Notched 

Temp. 

? 

? 

UL 

Ksi 

Ftu 

H  -  6.: 

Ksi 

RT 

11.1 

38.1 

260.6 

272.0 

3U.0 

600P 

12.1 

46.9 

219.0 

228.8 

tMT 

800F 

19.6 

62.0 

166.5 

182.5 

- 

Charpy  V*^otch  impact  energy  of  the  25?  nickel  steel  measured  16  ft.- 
Ibs.  at  room  temperatui’e  and  13«3  ft. -lbs.  at  -lOOF. 

The  25?  nickel  steel  is  capable  of  being  heat  treated  to  ultra  high 
strengths  while  maintaining  good  ductility.  The  materiad  displayed 
an  exceptionally  high  yield  strength:  260  Ksi  with  a  high  Fty/Ptu 
ratio  of  95.8?.  The  notched  tensile  strength  appeared  ccmsparable 
to  other  ultra  high  strength  steels.  This  alloy  displayed  good 
Cfarpy  V-nctch  impact  energy  at  room  and  low  temperature  (-100F) 

This  worjc  was  Company -sponsored  and  was  performed  by  the  Columbus  Divisioa 
under  a  limited  prograas. 
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n-1-61 


LVamAL  CLASSmCATIOg:  Metallic  Materials 
ITLl;  Stress-Relieving  PB15-7Mo  Pusiofi  Vfsldjrants 
IBJECTIV3; 

ya  extensive  progrssa  to  develop  procedures  for  reducing  residue] 
itresses  in  PH15-7^  fusica  butt  weld  Joints  is  being  conducted. 

iBSmCT  OF  RESULTS  OR  C0NCLUSI0B3; 

^birious  welding  procedures  and  tberaial  treatnents  were  applied 
n  aaising  60"  fusica  butt  welds  la  .090"  PE15-7Mo  CRSS  BEtcrial. 


—  *0  ' 

little 

were 

effect 
-ained  b 

si  residua! 


o  the  weldment  producing  plastic 
thermal  expansion  of  the  heated 
ul  method  pplicable  to  PH  steel 
eld  bead  at  -85?  for  three  hours 
ransformaticBi  growth.  Bile  worlc 
3  Division  under  U.S.A*?. 
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n-i-6i 


.  € 


MATHIRIAL  CLASSIFICATIOH:  )fe-UUic  ifeterials 
2.  ITTLE:  Molybdeauia  Alloy  TZM  Weliad  Structural  Part  fteaBibility 
3*  OBJaCTTVE; 

To  evaluate  the  pro^'iems  In/olved  in  welding  aclybdenisi  alloy 
TZM  by  fabricating  t-.o  simple  otructural  parts.  One,  a  sins 
vn^r^  vcb  beam,  is  to  be  made  by  both  the  tungsten  Inert  gaa 

(tig)  and  electron  beam  processes.  The  other  part,  a  corrugated  ® 

candvlch,  la  to  be  Joined  by  electron  beam  and  resiatancs 
•veidlng  proceaaea.  The  program  is  aioderate  in  sise. 

!*.  .ABSTRACT  OF  RESUIffS  OR  COHCmSIORS: 

welding  in  progress  and  no  teat  data  are  yet  available.  The  4 

program  is  being  conducted  under  company  apcnsorship  by  the 
Loa  Angeles  Divlploo, 
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M-61-1C49-1 

n-i-di 


1.  MA-IERIAL  CLASSinCAJIOR;  tetalllc  Ifeterlals 

2.  TITLE:  Preliminary  Weldability  Evaluation  of  Rsfractory  Jfetal 

Alloys :  Mo  Alloy  TZM,  Cb  Alloy  FS-82,  Ts  Alloy  90  Ta-lOtf 

3.  OBJZCnvg: 

To  determine  weldability  and  preliminary  weld  tensile  properties 
in  molybdenum  alloy  TZM  by  the  electron  beam  and  resistance 
welding  processea  on  a  limited  scale.  Material  will  be  tested 
from  RT  to  2kOQlF  in  the  "CW"  condition  and  from  RT  to  3000P  in 
the  annealed  condition.  Preliminary  weldability  tests  only  will 
be  performed  on  columbiun  alloy  FS~82  and  tantaltto  alloy 
90  Ta-lOW  using  tungsten  inert  gas,  electron  be£_d,  and  resistance 
welding  processes. 

^.i^TRACT  0?  RESULTS  OR  CONCLLBIOKS: 

Testing  is  in  progress  at  this  time,  Ihie  work  is  being  perforasd 
under  ccn^iany  sponsorship  by  the  Los  Angeles  Divisicai. 
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RA.-&L-i03t<5-r 

n-1-61 


1.  MATERIAL  CLASSIFICATIOR:  Jfetallie  Materials 

2.  'xlTLE:  "Lack  of  Penetravioo''  Lefscts  in  Assembly  Pusicsi  Welds 

3.  OEJSCnVE; 

Development  of  procedures  for  reducing  the  occurence  of  "lack  of 
penetration"  defects  in  fusico  welded  butt  Joints  between 
honeycomb  panels  is  being  performed  cn  a  limited  besis.  TM* 
tj-pe  of  defect  ecmetimes  occurs  in  velds  which,  althou^  pene¬ 
trating  completely  throu^  the  Joint  material,  has  wandered 
avay  frcan  the  Joint  centerline  on  the  "djr»p-thru"  side. 

U.  ABSTRACT  OF  RESULTS  OR  COHCIIBIOB: 

Sever' 1  techniques  appear  promising  for  reducing  "lack  of  pene¬ 
tration  ’  including  longitudinal  oscillation  of  the  welding 
electrode  and  optimization  of  welding  parameters.  The  most 
promising  techniques  will  be  evalae bed  under  manufactuilng 
conditions,  i.e.,  long  welds  in  honeyccmb  panels,  inexperienced 
machine  operators.  Imperfect  fit-up  of  Joint  members,  ate.  So 
test  data  have  been  generated  as  yet.  This  work  is  being  con- 
aucted  by  the  Los  Angeles  Divisicoi  under  U.S.A.P.  sponsorship. 
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KA-6l-iCf%9“3. 

11-1-61 


1.  MATERXAJ,  CLASSiyiCATIOH:  Metallic  Jfeterlalo 

2.  irnZ'.  Protection  of  Htaieyccaib  Core  froa  Erosion  by  Pttslco 

(tig)  Veldiag  Arc  Pia8»e 

3.  OBJECrrVB: 

Welding  together  of  brazed  honeycomb  sandwich  panels  often  brings 
the  welding  arc  plasma  very  close  to  honeycomb  core,  resulting  ia 
core  "burning".  PreUminary  tests  indJ.cated  that  a  coating  of 
alumlns  (AlgO^)  sprayed  on  to  the  core  mlzvindses  this  burning. 

A  limited  program  to  develop  and  test  this  coating  is  being 
conducted. 

h.  ABSTRACT  OF  PESUITS  OR  C0RCI1SI0H5; 

Work  is  In  progress  to  determine  if  small  amounts  of  various 
organic  binders  can  improve  adhesion  of  tne  alumina  to  the 
bcneycomb  core.  Althou^  the  adhesion  presently  obtained  is 
satisfactory  from  the  standpoint  of  core  protection,  it  is 
desirable  to  reduce  or  eliminate  spalling  of  the  coating,  which 
could  contaminate  the  weld  joint  area.  Test  results  are  not  yet 
available.  Cils  work  is  being  i)erfornied  by  the  Los  Angeles 
Ed'^slon  under  U.S.A.P*  sponscrahlp. 
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1.  HfflSRIAL  CLASSIFICATIOK:  Mstallic  J&fceilala 

2.  TITLE:  Stod  Welding  HcaeycoB>b  Panel  A^licaticais;  3^7  Stalislese 

Steel  Pins  Welded  to  ?H15--7^>  Brazed  Steel  Haseyccssb 
Panels 

3-  OBJKmV)S: 

A  Halted  progran  is  being  conducted  to  establish  the  process 
liinitaticns  for  welding  l/l6  and  1/8  inch  diameter  pins  to  the 
internal  surface  of  honeycomb  face  sheets.  Ihie  will  provide  a 
means  of  rework  and/or  repair  of  brasied  honeyccaob  panels  vhtR 
access  is  limited  to  one  surface. 

t.  abstract  of  results  or  CQgCLUSIO^; 

Test  results  are  not  yet  available.  The  work  is  being  conducted 
under  U.S.A.?.  sponsorship  by  the  Los  Angeles  DivisiCQ, 
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HA-6l-iO%9"2 

^-15-62 


1.  MATSRIAL  CLASSrPlCifflOH;  Metallic  Katariels 

2.  TITLE;  Str*.  Weldlii-j  Fyscess  Lliaitatiens  and  Design  AUovsMsbs 

3.  OBJECTIVE:  This  previously  reported  prcgraa  h&s  "been 

to  include  t\xe  inveetigatioa  of  i/l6,  3ly^>  1/8/  3/l6/  and  l/^ 
inch  dlemetei*  pisis  made  frosE  30^  CRES^  321  CRBS,  and  WPB13”7i43 
ssatu' .tals.  I'-  aMttiou,  strength  values  for  v&riois  pin  to 
face  sheet  cc?fflbl!jaliouK  vlLl  he  detemined  aoder  this  nosr  BOdamta- 
in- size  progs’i^a.. 

4.  ABSTRACT  OP  RESULTS  OR  COKCLUSIOKS;  The  teat  work  is  approcslaataly 
555.  coaplete .  The  infdiiiatlon  obtained  la  being  used  to  establish 
pr<!iiiaiaary  design  edlovabieo,  process  limitations  and  to  prq?sara 

a  process  specification.  The  work  is  "being  condncted  "by  tJa  TjO& 
Angeles  Division  under  U.S.A.7.  sponsorship. 
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!iA.-6l-ltA9-3. 

U-1-61 


1.  MAmiAL  CLASSmC^glOH;  MetaJOlc  l&terials 

2.  TITIE;  EstabllBhasnt  of  Low  Strength  Level  ii;rc-Spot  ^selde 

3.  0B3ECnVBI; 

k  program  to  establish  the  minimum  nugget  disiaeters  and  reftulting 
arc-spot  shear  strengths  for  PE15-7Mo  material  thicknesses 
greater  then  .036  inch  is  being  conducted  on  a  limited  basis. 

This  inforr^tica  irill  provide  design  information  for  ssiaiam 
edge  distance  and  spot  spacing  requirements  for  the  arc-spot 
process. 

U.  ABSTKACf  OF  KKSULTS  OR  C0HCL0SI053; 

Preliminary  tests  have  determined  a  low  strength  level  for  arc- 
spots  to  be  50^  of  the  published  "M"  strengths  in  material 
thicknesses  up  to  and  including  .O36  inch  P315-7^fe*  Yet  to  be 
determined  are  the  lew  level  arc  spot  strengths  in  thicknesses 
greater  then  .036  inch  PH15-7Jfe»  The  work  is  being  conducted 
by  the  Loa  Angeles  Division  under  U.S.A.F.  sponsorship. 
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1.  MA1!ERIAL  CLASS IFICmON:  Metallic  )fet®rials 


SA-61-10^9-1 

ll-l»6i 


2.  TITLE:  Cage  Determination  for  P^sistancc  Welding  Thres-SSiset 

Sandwiches  of  PE15-TMO  CRES 

3.  OBJECnVS: 

A  llttited  progrem  is  being  ccaducted  to  determine  the  adnlBata 
outer  sheet  gage  which  can  be  used  ^  resistcmce  velding  three 
sheet  aandwlches  containing  an  .t>20',  .O63"or  .09CJ' inner  sheet 
while  piaintaining  an  outer  to  inner  gage  ratio  of  2:1.  Biis 
work  will  provide  both  gage  combination  and  edge  diatance 
inf  orsnaticc . 

h.  ABSTRACT  OF  RESULTS  OR  COHCIiiSIOBS t 

No  date  has  been  determined  to  date.  The  program  is  being 
conducted  by  tl;e  Los  Angeles  Division  under  U.S.A.F.  spoasorahip. 
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Index  Ifo.  30 


1.  MATERIAL  CLASSmcmOH;  ?4sta3JJL8 

2.  TITLS:  Room  and  Elevated  ‘fea^seraturc  Spe*  Weld  Det®  for 

mCO  718,  Rickfil-Ease  Alloy® 

3.  OBJECTTVE: 

A  detei^natloa  of  room  and  elevated  temperature  lap  snear  and 
cross  tension  strengths  for  spot  welded  LfiCO  71B  has  been 
conducted  on  a  limited  basis  for  design  use. 

U,  ABSTR'tCT  OF  RESUIiTS  OR  C0NCUSI0R3: 

The  results  obtained  have  been  used  to  establish  design 
allc-'ables  for  spot  welds  made  in  heat  treated  material,  and  for 
spot  velds  zaade  in  annealed  material  heat  treated  after  welding. 
The  test  work  was  performed  by  the  Los  Angeles  Division  under 
U.S.A.F.  sponsorship. 


1.  MATERIAL  CLP^IFICATIOIS’.  Metallic  Jfetcxdals 

2.  TITI£;  Nickel  Plated  355  CRK  Weldability  Test 

3.  0BJSCTI7B; 

1b  determine  the  weldability  of  lap  JoiJJts  that  have  been 
nickel  plated  for  corrosion  protection  and  to  determine  the 
effect  of  (3)  three  plating  prceeeseB  and  the  range  of  plating 
thicknese,  on  the  Arc-Spot  and  Seaiatance  welding  paraiiaters 
and  weld  atreagtha. 

4.  ABSTRACT  OF  RESULTS  OR  COSCHSIOBB; 

Initial  teats  Indicate  plating  thickness  variations  of  .003  inch 
upset  the  standard  welding  parameters.  In  addition  .OOb  inch 
of  hard  nickel  has  a  detrimental  effect  upon  the  parent  isaterial. 
Ihis  moderate  program  is  being  conducted  by  the  Loo  Armies 
Division  under  U,S.A.P»  aponeorabip. 
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Ixidex  io,  32 


11-1-61 


1.  HftSEKLftL  CLASSIFICmOK;  fetallic  Ksterisls 

2.  TITIZ:  Post-Braze  Attadiaants  to  Baieyccanb  Structcre  Xsj 

Fusion  WeMing 

3.  OBJEgmg: 

A  aodfirate  prograa  to  establish  fusion  welding  procedures  and 
equipnent  requireiaents  for  attaching  Beabers  (angles,  tees,  etc.) 
to  ?H15-7^  brazed  honeyca^  steel  sandwich  structure  is  being 
conducted. 

k.  A^mCT  OP  RESUiaS  OR  CX)ECIXSI(^t 


Vtelding  proceduies,  design  inforssatlon,  process  data  and 
eqalp^nt  requireaaents  vers  established  for  publishing  design 
allowables  end  process  speciflcatlcm .  Such  things  ae  thickness 
lisitation,  thickness  ratios,  welding  speed,  current,  voltage, 
shielding  g«s  and  filler  cetal  were  established  in  order  to 
prevent  dsajage  zha  brazed  bond  between  core  and  face  sheet 
directly  under  the  weld  bend,  ^oaeored  by  USAF,  the  program  is 
being  ccaducted  at  the  Los  Angeles  Division. 
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MATERIAL  CLASSHICATIOH;  Ifetalllc  Matjeslals 

Ting;  Thersal  fiaitteace  J&asursassBts  of  Modised  m& 
Anodised  2219-161  Alusaiai®  Alloy 


OBJSgfiyg: 

Total  tiiemal  esittaace  BseaBureaeats  are  being  made  on  2219-!^ 
aluminuB  alloy  teat  epeciiaeus  vitb  aulfurlc-acid  aaodised 
surfaeeB  and  with  several  different  dyed-anodlsed  surfaces, 
llie  eslttence  BeasureHeats  are  being  made  for  teB?»eratttras 
between  3OOP  and  6OOF  to  determine  the  teEperature  control 
afforded  by  these  surface  treataestj$> 

ABSTRACT  OF  RESULTS  OR  COHCIjBIOHS; 

So  teat  reaultc  have,  as  yet,  been  obtained.  Ihis  llsitcd 
program  is  being  conducted  under  cospany  sponsorahlp  by  tie 
Los  Aagelea  KL-vision, 
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SA*6i”iOfe9“2- 

11^-61 


1.  MATERIAL  CLASSIFICATIOH;  Metallic  .'feitcriala 

2.  TXTIS;  Inveetigatioo  of  Methods  of  Ejctrapolatica  of  Short  TLss 

Creep  Lata  for  Ti  jAl-UV  and  AM350  CRES 

3<  0BJSCTI7S; 

I  ~i  iTi-niii^aBran  Ml 

A  liffiited  program  is  currently  being  cooducted  to  establish  a 
methjod  of  extrapolating  short  time  creep  data  to  long  tias. 

Three  techniques  most  extensively  »r8ed  are  being  investigated: 
Menson-Haeferd^  Larson-Mlller  and  Donss 

h.  ABSTRACTS  OF  RESULI3  OR  CO^nBIOSB; 

Data  are  being  generated  at  test  temperatures  froai  600P  to  1(X>0P 
and  test  dursticaa  froa  one  to  500  hours.  Values  for  0.1,  0.2, 
0.5  and  1,0^  creep  deforB:atiOQ  are  being  plotted  on  master  curves 
using  all  three  aforementioned  techniques  in  order  to  pensit 
extrapolation.  Master  curve  plots  for  the  titanium  alloy  is 
nearly  ccmplete;  hcrfever,  difficulty  due  to  sene  undetermined 
cietallurgical  change  has  been  experienced  vith  the  AM350  alloy. 
The  program  is  being  conducted  by  the  loa  Angeles  Civisice  under 
cempany  sponeorship. 
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11-1-61 


1.  MATERIAL  CLASSinCAgI(«t  Metallic  Materials 

2.  TITLE;  Traasverse  Ductility  and  Ratda.  Sensitivity  of 

hkOA  emd  420  Steel  Bar 

3.  OBJECnVB; 

A  limited  teat  program  was  conducted  on  saoo'^^  and  notched 
specimens  of  440A  and  420  steels.  Tests  were  conducted  to 
determine  if  these  alloys  have  adequate  ductility  aiid  notch 
strength  in  the  transverse  directlcm  for  use  as  rod  seals  in 
hydraulic  actuator  cylinders. 

4.  ABSTRACT  OF  RESIMS  OR  COHCUBIO^; 

The  test  results  are  listed  below,  ^cl^ns  were  heat  treated 
to  a  hardness  of  50  to  55  Rc. 


ITES 

TIS 

ksl 

ksi  ii  Elong . 

RA  f 

Smooth 

420  Steel 

241.6 

211.0  8 

15 

440A  Steel 

176.1 

<1 

<1 

Botched,  »  2.5 

420  Steel 

321.7 

. 

440A  Steel 

146.7 

• 

Tlie  above  values  are  the  average  of  three  specimens.  Ihe  results 
show  that  JdvOA  is  very  brittle  in  the  short  traasverse  direction, 
and,  therefore,  would  not  be  usable  for  rod  sesl  application. 
ductility  and  notch  strength  of  420  is  adequate  for  the  afore¬ 
mentioned  application.  Ihe  work  was  conducted  under  U.S.A.K. 
sponsorship  by  the  Los  Angeles  Division. 
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n-1-^ 


KAITEFvIAL  CLASSmCAnOH;  Ifetaillc  J&terlala 

2.  TITLS:  Short  Transverse  Pr«5>ertie8  of  15-7 AH'/  Steel  Alloy 

3.  OBJECTIVE; 

Mfchanicai  properties  testing  is  being  ccoducted  under  e  United 
program  to  verify  eii^jplier  data  published  for  a  new  PH  steel. 

Short  transverse  mechanical  properties  are  also  being  investigated. 

1.  ABSTRACT  OF  RESULTS  OR  COHCL03I0S3; 

Macro  and  microexamination  of  a  cross-section  have  been  ccB5)leted. 
There  Is  evidence  of  many  long  stringers  of  retained  austenite 
and  heavy  carbide  networks.  Tensile  testing  has  not  yet  begun. 

This  work  is  being  perform*  under  con5)any  spccsorship  by  the  Lob 
Angeles  dvleion. 
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HA-^1-1CA9-2 

4-15-62 


1.  MATERIAL  CLASSIFICATION:  Mstaillc  Materials 


2.  TITLE:  Short  Transverse  Properties  of  15-7AKV  Steel  Alloy 


OBJEmVB: 


Mechanical  properties  testing  is  'being  conducted  unier  a  limited 
program  to  vertfy  scgplier  data  publiehad  for  a  aev  PH  steel. 

Short  transverse  mechanical  properties  are  also  'being  Investigated. 


ABSTRACT  OF  RESULTS  OR  CONCLUSIONS: 


Macro  and  microexaaination  of  a  cross-section  have  been  coapleted. 
There  Is  evidence  of  many  long  stringers  of  retained  sustanite 
and  heavy  carbide  networks.  Transverse  tensile  properties  were 
very  poor  as  cocpared  to  those  determined  for  the  longitudinal 
direction,  and  stress  corrosica  tests  performed  at  applied  strea* 
levels  of  Qo^t  tensile  yield  struigth  produced  failures  In  leca 
•fch/^n  8  hours  in  a  20^  salt  spray  environment.  This  work  ms 
canpieted  under  conpany  sponsorship  by  the  Los  Angeles  Divisiooi-. 
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aA-6i -10^9-4 


1.  MATERIAL  CLASSXPICAJIOH:  Metallic  ttJterlals 

2.  TITLg:  Bffccte  of  High  Tfecperctures  oa  Hschanicel  Pjropertlss 

of  Refractory  Jfetal* 

3.  OBJECTTVS; 

Ihls  progrsffl  is  InreBtigatliig  the  deteriorating  effects  of  high 
tenif  jraturea  on  roschanlcal  properties  of  refractory  netals. 

UncoQted  specimens  of  niolybdenum  alloy  TLM,  columbiua  alloys 
fS-62  and  F-h6,  and  unalloyed  te  '♦•-altsm  are  being  exposed  to 
temperatures  up  to  about  3000P  to  detennine  rccryatallliaticaa 
and  grain  growth  behavior.  Tension  end  sin^)!©  riveted  Joint 
specimens  of  TZM  and  FS-82,  vith  oxidation  protective  coatings, 
are  b>eing  heated  up  to  about  300CP  for  varying  times  and  then 
tested  for  mechanical  strength  in  con5)ai’lBoa  vith  uaheated 
Bi>€cimens.  Creep  strength,  and  static  strength  after  ej^to&ure 
to  creep  conditions,  are  being  determined.  .'Specimens  subjected 
to  the  various  test  conditions  are  being  examined  for  progressive 
diffusion  of  the  coatings  into  the  base  metals, 

4.  Al^TOACT  OP  RESULTS  OR  COHCUBIOHS; 

•fiiis  extensive  program  is  being  performed  under  coroany  spcosorship 
by  the  Los  Angeles  DItIsIoq.  Results  oa  all  phases  of  the  program 
are  ^acocrolete.  tolybdenum  alloy  TZM  was  fo'—  .o  begin  i«cry» 
stalliaation  at  about  ’400F,  and  columbium  alley  PS-82  at  about 
200C'f .  Preliminary  da'  a  have  indicated  -that  the  rcom  temperature 
tensile  properties  of  ■/3-fa2,  protected  vith  a  NAA-developed  coating, 
Gi^  not  degraded  after  exposure  to  static  air  for  3  hours  at  26OOF. 
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BA-6l-KA9*i 
11. —3. 


1.  MATERIAL  CLASSIPICmOS;  NJet&llic  ifeterlBls 

2.  TITIJE;  Dscign  AUovables  for  PH13-8Mo  Steel  Ear 

3.  OBJECTIVE; 

Notched  and  unnotched  static  strength  in  longitudinal,  long 
transverse  and  short  transverse  for  standard  end  brats  cycle 
heat  treatments  are  being  determined  at  rooEt  tcBperature  and 
at  600F,  Other  detarmlnaticos  Include; 

1.  Fatigue  \R»+0.l),  notched  and  unnotched  at  room  taqjeretura 
and  at  500F. 

2.  Stress  corrosion  at  60^  tensile  yield  strength. 

3.  Tensile  creep  65CF,  800F,  900P  for  10,000  and  1000  hours 
at  0.2$,  x$  and  2f$  permanent  defoTEtaticea. 

U.  Growth  characteristics  by  dilatoaetry. 

h.  ABSTRACT  OF  RESULTS  OR  C0HC1USI0H3; 

He  alloy  to  date  has  not  met  short  transverse  ductility 
requirements  established  for  sizes.  His  extensive  vork  la 
being  performed  under  U.S.A.F. sponsorship  by  the  Los  Aigelss 
Division. 
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Index  So,  39 


HA^1-1049-2 


1.  MATERIAL  CLASSIFICATION;  l^tallic  Material ‘ 

2.  TITLE:  Design  Allowables  for  PS13-6M3  Steel  Bar 

3.  QBJgCnvS: 

Notched  and  unnotched  static  strength  in  longitudinal,  long 
transverse  and  short  transverse  for  standard  and  braze  cycle 
heat  treatments  are  being  determined  at  room  ten5)erature  and 
at  600  F.  Other  determinations  Include: 

1.  Fatigue  (R=4  0.1),  notched  euid  unnotched  at  roc®  te:^raturs 
and  at  500  F. 

2.  Stress  corrosicm  at  SO^  tensile  yield  strength. 

3.  Tensile  creep  650  F,  800  F,  900  F  for  10,000  and  1000  hoars 
at  Q.2$,  Ijb  and  ^  permanent  deforoatim. 

k.  ABSTRACT  OF  RESOLTS  OH  CONCLOSIONSs 


Erratic  short  transverse  properties  in  3"  s  4"  cross -sections  have 
eliminated  this  material  from  further  consideration.  Extensive 
heat  treatment  studies  failed  to  consistently  improve  short 
transverse  properties  through  the  center  of  bar  material  sttjdied, 
although  laid-radlus  and  edge  locations  exhibited  good  mechanical 
pr^^rties.  This  work  has  been  i>erfoimed  under  U.S.A.F.  sponsorship 
by  the  Los  Angeles  Division. 


ha-6i-xc^-i 


1.  MftTERIAl,  jL^-lFICATIOg:  Mstnlllc  J5ateriBlB 

2.  Tim;  35C  Cff?  CKi<S  iVbi-  fe  R^Ciatiaa 

3.  OBJECrrVS: 


Static  strength,  burst  Btrengxb,  t>.>.pulse  fatigta,  bending 
fatlgiK,  stitsB  eorroslcHi,  and  astallurgicaOL  tests  are  being 
coQdin-ted.  /Residual  stress  a.iasurenw:nta  arc  being  ssade  and 
a  technique  for  residunl  stress  control  id  being  evaluated. 

abstract  'J?  RESUIigS  OR  COyciiSIOgb; 

(3.886  bead  peeking  of  the  tube  O.D.  rurface  aaly  using  .014 
are  intensity  has  bee.n  effective  in  reducing  residual  streeseg 
fror.  d3  high  as  n6,C.X>  psi  to  6,000  -  14,000  psi.  Ohis 
moderately  eised  program  is  being  conducted  under  UiS-.A.?. 
spopsorihln  by  the  Ics  Angelas  Dlvlsi.^, 
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Index  So.  4C 


aLiUi~iQ;9^ 

U-i-6l 


j^tanie 

2®  TXTl^i  Ir?«3tigatloa  q£  the  Effects  of  Cfr'osd.te  82(K)  ^«3paEiie 

FlttLd  sai  Ba?3  B«il  Allej  Steel  Oader  Eavirt^seatsl  C«^itiors 

3®  MMSm^ 


Iat@«r3ial  B-H  all^  steel  aa^ip^mistB  of  iqrtirsalio  crliadara  aid 
9alT«  bcdiss  th&t  vill  bo  to  O^raiite  ^)0  bjdraolie  flcd/l 

will  be  used  vithcat  prsteetlvs  statiags.  tha  oerrcsiTO  actios, 
if  sj&f  of  Cfe’oaite  ^00  Is^draails  field  aad  Ita  r6dissol^>sd 
a«ab?astic©  predeats  ca  B-ll.  alle^  steel  ar©  OBkoowB.  The  folloairg 
testa f  aisalatiog  eti?lr<eg^stal  eosditistti  will  be  eada  to  deteraii^ 
if  Qpoait®  ^50  e&saea  detFi^stal  effects  bare  B®>11  allcgr  8t^l| 
{all  t^t  heat  r®*t€d  260,0®  to  2@0,(^  pei)  (a)  stsataiaad 

lo^  testa  at  2/3  of  ?ts  for  5<X)  boors  at  620  F,  speolsa&a  iasaajraed 
ia  Grooite  S200  l^rselio  fluid,  (h)  sustaieed  lead  teats  at  2/3  Fta 
for  500  hours  at  620  F,  spaciasi^s  ssepstdod  ia  air  while  periodioallj^ 
seated  with  Qrooite  8200  h^pdratilis  flaid  (btsrasd  off  fluid  reaaiaii^ 
oa  spaeis^a  rediasolTod  with  «a^  applit  atiea  of  fresh  fluid),  &M 
(c)  static  teaaile  strength  of  teat  spocii^iis  exposed  to  (a)  aad  (b) 
coBditiocs  abo'?»c 


<««■» 


So  data  are  as  yet  arailable,  TIss  ajdsrately  sised  prograa  is 

beixtg  cosjdttcted  usier  U,S.A*P,  spoasership  by  t ha  Los  At^oles  JOiTlai^ 


ladsx  Ro,  41 


?0 


1.  M/CSRIAL  CLASSIFICATION:  Metric  Materials 


2.  TITLE:  Effects  of  Te:.5)erature  and  Stress  oa  the  Mechanical 

Properties  of  Metals 

3.  OEJSCTT/E: 

A  liJtiited  program  is  in  progress  to  determine  the  room  ten^jerature 
tensile  properties  of  AM350  and  Ti-6Al~i+V  alloys  after  ejcposiare  to 
teraeratures  of  65O  and  750  F  and  to  stresses  vhich  vill  produce 
approximately  1  percent  creep  in  10.000  to  25,000  hours. 

ii.  ABS-^ACT  OF  RESULTS  OR  CONCLUSIONS: 


I.’c  data  have  teen  recorded  to  date.  The  program  is  being  conducted 
under  company  sponsorship  by  the  Los  Angeles  Division. 


HA-6i-10^<4 


1.  MASSFIAL  CLASSIFICAHOH:  Metallic  Materials 

2.  Effects  of  Oxidation  on  PH15“7J-io  Steel  Brazed  Panels 
3-  OBJECTIVE; 

Brazed  panels  (10"  x  10"  x  1”)  are  to  be  placed  in  circulating 
air  at  elevated  tenroeratures .  One  series  of  panels  are  to  be 
subjected  to  SOO  F  and  63O  F  for  3OO  and  1500  lirs.  Another 
series  of  panels  will  be  coated,  around  the  edges  with  RTV  60 
silicone  compound  and  subjected  to  the  same  environmental  conditions. 
After  environmental  conditioning,  flatwise  tensile  specimens  will 
be  ta>'en  each  section  and  compared  to  a  '■.et  of  control  samples. 

Th“  program  is  moderate  in  size. 

^ OF  ESSIITS  OH  C0KCI/J5I0RS 

Ko  data  have  as  yet  been  determined  from  this  work.  The  program 
is  beong  conducted  by  the  Los  Angelas  Division  under  U.S.A.F. 
sponsorship. 


M-^-io49-a 

n-i-^ 


1.  MM^AL  Metallic  MaterialB 

2.  Repair  of  Brazed  Honeyeosib  Sendv^ch  Panels  By  Electro-Deposits 

3-  OBJECTIVE;  Previous  investigations  have  indicated,  the  feasihillty 
of  utilizing  electro-deposited  lickel  as  a  means  of  repairing  Brazed 
honeycranb  face  sheets  damaged  by  indentions  or  creases.  The  purpose 
of  this  investigation  is  to  establish  process  requirements  for 
applying  electro -deposited  fillers  and  to  evaluate  the  strength  of 
such  fillers  and  the  possibility  of  attaching  doublers  by  spor 
brazing  to  the  fillers. 

h.  ABSTRACT  0?  RESULTS  OR  CORCLOSIOHS: 


A  process  has  been  developed  for  the  electro-deposition  of  sulfasnate 
nickel  to  fill  dents  or  creaseo  eus  a  repair  process  for  brazed  honey¬ 
comb  structural  panels. 

Tensile  properties  at  room  tenperature  and  63O  F  have  been  determined 
for  the  deposited  nicke].. 

To  date  attempts  to  spot  braze  doublers  to  the  deposited  nickel  with 
ihe  hand-giuj  used  to  repair  honeycomb  panels  have  been  unsuccessful. 

A  satisfactory  test  of  adhesion  has  not  been  developed  at  this  time. 
This  moderately  sized  program  is  being  conducted  under  U.S.A.F. 
sponsorship  by  the  Los  Angeles  Division. 
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Itidex  Bo.  44 


SiH6l-.a049-l 

ii-a-61 


1. 

2. 


IfetalliQ  Ma.terl£ls 


4. 


basing  C^o'as'teriatlss  end  Sb^r  Stre^th  of  ^>>20  LTCK 
iritb  Pd  repj^ed  bjr  ii. 


A  deterais^tioB  of  optics: hmsisg  thsrs^l 

ojetlM  td  prodsee  120$  s^e  fls^  sad  nlalisaa  alloy  damage  le  bsl&g 
lesds.  Usi^  this  ^is@  dyols  tbo  followiof  are 
eatablisfeod  t 

(&)  Fillst  siac  obteiited  witk  aor« 

(b)  Draiaege  shsr&ataristios 

(o)  Sheer  atreogth  of  jelate  roos  esd  elected 


Ras^ovel  of  fr«s&  this  aHey  vitbeett  ehaaging  Its  borasiag 
eharaotsrlstios  will  lomo*  ti^  oest  cf  this  &11«7  trem  |2.(X)/tr«7 
^oSO/^  es« 


a.  fbo  Isresitis  tes^jcretvre  for  the  alloy  was  lowered  $0  f  by 

resoffiag  W, 

b.  ?ha  fillat  siae,  depth  of  diffraloa  into  PB15-7J5o  steel , 
oharaateristies.  Joint  strengths  Vtp  to  1000  F,  and  tharaal 
oosdtsotaxwe  of  ti»  alloy  w«r«  uiuif footed  by  rejsc^l  of  Pd. 

0,  ?ba  lo»«r  braaiag  t«Bpeirat\ai*e  is  not  ooapatibls  with  tba 
proeess  ctareatly  used  for  trasing  PH15-7)fo  E/C  aaalwieh. 

d*  Sines  oaly  the  tsr&ss  t^^rature  va^  effeoted  by  reaorii^ 

Fd,  the  beJLanse  of  the  Cu  and  ^  can  be  edjastsd  to  raise  the 
hraaing  taaparatur®  to  tba  desired  1725  T.  Ibis  work  is  being 
psrforsed  by  th®  Los  Aogol«*  DiTisioo  wider  G.S.A.F.  fepoaBorshlp, 


Indos  go.  45 
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HA-6l-X049-i 


1.  MATERIAL  CLASSHTCAITION:  Metallic  Materials 

2.  TITLE:  Elevated  Tea^serature  Properties  of  Lar  Joints  Brazed 

with  AH3  h769  Alloy 

3.  pBJECITCVE:^ 


A  limir.ed  program  is  being  conducted  to  determine  the  lap  shear 
strengths  of  joints  brazed  with  AMS  '4769  alloy  at  ET,  300  F,  5OO  F, 
and  700  F,  and  develop  the  1  hr,  10  hr,  100  hr,  and  lOQO  hr  stress 
rupture  curves  between  RT  and  65C  F.  AliS  ^76?  alloy  has  been 
selected  for  use  in  post  braze  attachment,  necessitating  develop¬ 
ment  of  the  eie\'ated  temperature  characteristics,  which  will  be 
used  for  determination  of  design  allowables. 

h .  ABS®_ACT  OF  HEStJLl*S  OH  COHCUglORS; 

ItO  data  have  been  generated  to  date.  Work  is  being  perfoisned 
by  the  Los  Angeles  Division  under  U.3»A.?,  sponsorship 
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HA-6i-10J»9-2 

1^-15-62 


1.  MATKRIAI,  CLASSIFICiglON;  Jfetallie  Kateriaio 

2.  TITIiS:  Elevated  Tes5>erature  Prcrpertiee  of  La^  Joint®  Brazed 

with  Al«  4769 

3.  OEJECTIVB; 

A  limited  program  is  "being  conducted  to  datenaina  the  Ifgp  ebeeu: 
strengths  of  joints  brazed  with  AI©  47^9  alloy  at  RT,  3C>0  ?,  5^^ 
and  700  F,  and  dsTOlop  the  1  hr.,  10  hr.,  100  hr.,  toA  1000  hr 
stress  riqstura  carves  "between  RT  and  65O  P.  A}<SS  alloy  has 
"been  selected  for  use  in  post  braze  attaclment,  necessitating  dsvelop' 
ment  of  the  eiervated  temperature  characteristics,  which  will  "b® 
used  for  determination  of  (^sign  allow&blee. 

h.  ABSTRACT  OP  RESULTS  OR  COHCLOSIORSi 


Average  lap  shear  atrengthg  for  a  O.5OO"  overlap  length  batwean 
room  and  various  elervatea  tergjeratures  are  tabulated  "belowt 


Teaperatore 

]^3C^ 

^  F 

500  ? 

TOO  W 


Lap  Shear  Straagth 

12,  OCX)  psi 
7,600  psl 
3,900  psi 
2,700  psd 


Stress -rupture  tests  were  performed  for  10  hr,  100  hr,  1000  hr 
duratioua.  Representative  lOCO  hr  data  are  presented; 


Tets^parature 


1000  hr.  stress 
Rv^ture  Strength 


300  P 
kOQ  ? 
500  F 

600  F 
700  F 


A,i00  psi 

2,600  psi 
i,ljOO  psi 
650  psi 
psi 


Tula  work  was  cempieted  by  the  I<es  /ngelss  Division  uoder  U.3.A.F. 
sponsoro&ip. 


HA-6l-1045-aL 

aj,-i-4i 


1.  MATERIAL  CLASSmCATIOH;  Metallic  Ifeterials 


2.  TITLE;  Lap  Shear  Strength  of  Resistance  Brazed  Spots  at  Rooa 

and  Elevated  Temperature 

3.  0BJECIT7E;  Design  allowables  are  being  determined  for  lap 
shear  joints  of  heat  treated  PH15-7MO  members  and  brazed  honeycomb 
sandwich  panels  made  by  the  indirect  resistance  spot  brazing 
process.  Data  will  be  obtained  for  selected  gage  combinatioBS 
and  temperature  relative  to  parent  metal  or  braze  failure. 

h.  ABSTRACT  OF  lESULTS  OR  COWCIliSIONS: 

This  moderan<5--'ji-3ize  program  has  Just  been  initiated  by  the 
Los  Angeles  ‘division  under  U.S.A.F.  censorship  and  no  test 
data  ax'-,  r/aiiable  yet. 
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Ixidex  Ho»  47 


KA-oi-10%9-S 


MATERIAL  CLASSIFTCATIQN;  Metallic  Materials 

TITLE;  Lap  Shear  Strength  of  Resistance  Braxod  ^>ots  at  Hsx^ 
and  Elevated  Ten^ratur® 

OBJECnVB;  Deaign  allowables  have  "been  deteralned  for 
shear  joints  of  heat  treated  PH15-7Mo  isembers  and  brazed  honeyecaSi 
sandwich  panels  raade  by  the  indirect  resistance  spot  hrasing 
process.  Data  were  obtained  for  selected  gage  combinatioas 
and  teii5)erature  relative  to  parent  metal  or  braze  failure  for 
l/k  inch  diameter  spot  brase^ 

ABSTRACT  0?  RESULTS  OR  CONCLOSIC^S: 


This  moderate-in-slze  program  was  Initiated  by  the  Los  Angeles 
Di%'l3ion  under  U.S.A.F.  sponsorship.  Besulta  are  as  foUowet 

SINGLE  SPOT  BRAZE  3TRESGWES  A? 

ROOM  TBMFERARffig 


Face  sheet 
to  doubler 
combinatioa 


.012/. 012 


.016/. 01b 


.020/. 030 

.040/.0i+0 


/Spot 

Dia.ln. 


W9.5 

729.1 
872.0 

843.2 
808.6 
1166.5 
1265.0 
1492,0 
1442.7 


TypicAl 

Pailtcre 


Doiibler 

Bras® 

Brase 

Brase 

Brase 

Bras® 

Bras® 

Bras® 

Braze 


SINGIE  SPOT  BRAZE  STRENGTHS 
AT  600  ? 


(  .016/. 016 


Dia.ln. 


Failure 


Doubler 

Brass 

Braze 


na-6i-1‘A9^ 


MATgRIAI.  CLASSIFICATION;  Metallic  Materials 


TITI^:  Oxidation  Protection  of  Refractory  Metals  for  Advanced 

Vehicles 

OB-JECnVE; 

"lis  program  is  investigating  the  feasibility  of  utilizing  several 
available  coatings  to  protect  laechaiiically  joinlrJ  sections  of 
refractory  netals  from  erosion  and  gross  oxidatioo.  Commercially 
available  coatings  for  molybdenum  alloy  TZM,  columbium  alloys 
F3-82  and  F-L3,  and  unalloyed  tantalum,  ejid  a  coating  developed 
for  columbium  alloys  by  KAA,  have  been  screened  by  oxidation 
and  erosion  testinr  of  sirnnle  coiroons  at  temperatures  up  to  about 
3000  ?.  Foilcving  initial  screening,  simple  riveted  joint  specimens 
of  FS-82  and  '17, M  have  been  coated  and  are  being  evaluated  by  erosion 
testing  in  a  high  temperature,  high  velocity  air  stream  and  by 
thermal  cycling  and  stressing  in  hign  tenroerature  static  air. 
Finally,  several  complex  mechanically  fastened  specimens  of  FS-82 
and  TZM  have  been  designed  and  coated,  and  are  being  tested. 


/iBSTilACT 


This  extensive  program  is  beijjg  performed  under  company  sponsorship 
by  the  Los  Angeles  Division.  Incomplete  re.3alts  of  the  screening 
tests  indicate  that  the  DuraJc  B  coating  may  be  useful  for  protecting 
molybdenum  up  to  about  3000  F,  and  that  the  LB-2  coating  may  be 
useful  for  protecting  columbium  un  to  about  2500  F.  Other  coatings 
for  columbium,  iTOlybdenum,  and  tantaicsc  vere  eitrsr  found  to  be 
inferior  to  Durak  B  or  LB-2,  or  are  still  being  screened. 


79 


Index  So.  .48 


ha-6i.ioi^-i 

U-1-41 


1.  M/CTERIAL  CLASSIFICATION t  Metallic  Materiale 

2.  Determination  of  Heat  Effect  and  Spacing  on  the  Lap 
Shear  Strength  of  Indirect  Resistance  Spot  Braized  Joints. 

3.  OBJECn}®; 

Lap  shear  strength  determinations  are  being  conducted  in  spot 
brazed  Joints  of  heat  treated  PH15-7MO  steel  doublers  emd 
brazed  honeycomb  sandvlch  pauiels.  Joint  strengths  and  schedules 
will  be  established  for  single  spot  brazes  and  vaorious  gage 
combinations.  Specimens  will  be  tested  and  evaluated  using 
multiple  l/k  inch  diameter  spots  spaced  l/k,  3/8,  l/2  inch 
on  centers.  Micro  hardness  determinations  will  be  made  on 
panel  face  sheet  aind  attaching  members  for  the  extent  of  the 
heat  affected  area. 

li.  ABSTRACT  OF  HESULK  OR  CONCLUSIONS; 

No  test  data  are  as  yet  available.  This  extensive  program  is  being 
conducted  by  the  Los  Angeles  Division  under  company  sponsorship. 


Index  Mo.  49 


80 


HA-6l-l(A94f 

^-15-62 


1.  MATERIAL  CUgSIFICATIOK;  Metallic  Ifeterial® 

2.  TITLE:  Determination  of  Heat  Effect  and  Spacing  on  the  Lep 

Shear  Strength  of  Indirect  Resistance  Spot  Brased  Joints. 

3.  OBJECTTrE; 

Lap  snear  strength  deteniiix>£.tion3  were  conducted  in  spot  "bras^ 
Joints  of  heat  treated  PS15-7MO  steel  doublers  and  brazed  honeycoe^ 
sandwich  panels.  Joint  stiengths  and  schedules  wore  establiahad 
for  single  spot  brazes  and  vancra  gage  combinations.  Speciiasns 
were  tested  and  e-.-aluated  using  multiple  l/4  inch  diameter  epot9 
spaced  l/h,  3/Sj  l/2  inch  on  cent*  .  Micro  hardness  deterjainatioas 
were  made  on  panel  face  sheet  and  attaching  membera  for  the  oxt&xt 
of  the  heat  affected  area. 

4.  ABSTRACT  OF  ITESULTS  OR  OORCLDSIOHSt 

This  extensive  program  was  conducted  by  the  Los  Angeles  Divisicsi 
under  U.S.A.P.  sponsorship.  The  heat -affected  zone  diameter  was 
between  .500  and  -730  inches  for  far-,  sheet  to  doubler  ccaaDii  .ticais 
from  .006/. 006  inches  to  .022/.080  inches  as  determined  by  r"/05 
hardness  traverse  on  single  spot  macro  specimens.  The  optiEiaa 
spot  spacing  wa«  3/S  inch  for  attachments  to  .006  and  .03J2  with 
face  sheets  and  l/h  inch  for  attachments  to  .022  face  «bet ta. 
Additional  data  are  tabulated  as  follows; 


Pace  Sheet 
to  Doubler 
Combination 


006/006 

006/040 

012/012 

012/080 

022/020 

022/080 


Average 

Strengt 


UT 


697 
1083 
1606 
l6c8 
!  1663 

1633 


Percent 

Variation 


Spotspacing, 

M. 


21.7 
13.9 

9.0 

4.7 

3.0 

D-i 


Average 
Strength 
Lb/lin.in. 


892 

LO56 

i.936 

2C'>} 

1154 

969 


Percent 

Variation 


20.7 

9.4 

3.1 

6.1 

25.7 
0 


TO" 


Average 

Strength 

lb/lin.in. 


jPerceaV 

{Variatioa 


800 

853 

1493 

1920 

27T3 


10.0 

9.4 

6.0 

12.5 

U.5 

24.1 


Ref;  H4-61 -1049-1,  note  that  this  program  'rfas  _.J.A.F.  spoascred 

rather  than  company  *pon4?ored  as  originally  r^porteau 
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Indent  Ho.  49A 


lA-6l.lOk9-a 

n-i-di 


1.  MATERIAL  CLASSmCATIOW;  Metallic  Ifcteriala 

2.  TTPIE:  Effect  of  Heat  Treatment  Intergranular  Oxidation 

on  Mechanical  Properties  of  Rene*  4l 

3.  OBJECTIVE: 

Tensile  tests  at  80  and  lUOOF  and  fatigue  tests  at  607  are  to 
be  conducted  on  Rene'  Ul  sheet  specimens  containing  .0005  to 
.0008"  of  intergranular  oxidation.  Slinllar  tests  will  also  be 
conducted  on  control  specimens  containing  no  intergranular 
oxidation.  Ihe  Intergranular  oxidat.i.cn  In  the  test  specimens 
vlll  be  obtained  by  heat  treating  the  specimens  in  air.  The 
heat  treatment  of  the  control  specimens  will  be  conducted  in 
argon  to  avoid  intergranular  oxidation.  The  program  is  of 
limited  size. 

It.  ABSTRACT  OF  RESUUS  OR  C0HCIJUSI0M3 : 

All  the  tensile  tests  have  been  conpleted  and  results  are  listed 
below.  Each  value  in  the  table  is  the  average  of  two  tests.  The 
fatigue  tests  still  remain  to  be  conducted. 


Test  Tensile  Ultimate,  ksl  Tensile  Yield, ksi  jt  ELongatioo 

Temp.  Gage  Test  Spec.  Control  Spec.  Test  Control  Test  Control 


60F 

.014" 

181.3 

196.5 

136.8 

140.2 

15.0 

13.7 

80F 

.020" 

19^.3 

195.8 

150.2 

149.0 

17.2 

13.5 

80F 

.040" 

188,0 

193.5 

137.  c 

136.0 

19.5 

20.0 

1400F 

.020" 

132.5 

136.3 

116.7 

115.4 

3.0 

2.8 

The  tensile  test 

results  do  not 

show  any  significant 

effects 

of 

Intergranular  oxidation  on  tensile  properties.  Bils  work  is  being 
conducted  by  the  los  Angeles  Division  under  U.S.A.F.  sponsorship. 
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1.  KATKRIAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLE;  hecnanical  Properties  of  Forged  K>Honel  at  Ciyogenie 

Tenperatures. 

3.  OBJECTIVE; 

The  objective  is  to  obtain  design  data  for  heavy  E-Monel 
forgings  in  the  aged  condition  at  cryogenic  temperatures. 
This  is  a  moderate  program. 

4.  ABSTR;.CT  CF  results  or  COMCLLSIOiet 


•A  5"  X  9"  X  15**  forging  of  K-K^nel  (QQ-lJ-286,  Class  a) 
was  sectioned  tc  prepare  tensile,  notch  tensile,  and 
Jnarpy  V  impact  specimans  in  both  longitudinal  and  trans¬ 
verse  directions.  Test  specimens  were  rough  machined  in  the 
as  forged  condition,  heat  treated,  then  finish  machined. 

Heat  treatment  was  as  follows: 

1.  Stabilized  at  &00°F  for  30  minutes,  charged  into 
furnace  stabilized  at  1950°F  for  30  minutes  and  water 
quenched. 

2,  Aged  at  1090  -  10°F  for  16  hours,  furnace  coded  at 
20F/hour  to  900*^,  air  cooled  frcan  900°F. 

Average  test  results  are  shown  below: 


T 


'cap. 

Op 

Impact  Energy 
Ft  -  # 

Long.  Trans. 

U.T.S.  -  KSI 

Long.  Trans . 

T.Y.S.  -  ESI 

Long.  Trans. 

^  Reduction 
of  Area 

Long.  Trans. 

Elong. 

1-  Cage 

Long.  Trans. 

i^tdi/Unnotcfa 

Ratio 

Et  ■  ^•4 

Long.  Trans. 

;.T. 

50  47-5 

150,100  151,500 

95,900  95,700 

46,0 

41.0 

26 

27 

1.25  1.22 

■110 

49  45 

159,400  162,800 

103,600  104,500 

47.0 

41.8 

33 

31 

-  - 

•320 

-423 

51  42.5 

52  44 

177,700  179,200 

121,400  119,700 

53.5 

45.0 

34 

37 

1.29  1.29 

Preliminary  tests  show  that  I&>Monol  Is  not  notch  sansitiT* 
and  does  not  have  directionsl  propartlss  at  ezTOgeoic 
temperatures.  This  work,  perfomsd  by  Rocketdjoe,  wee 
sponsored  by  NASA  and  ia  60^  cooplata. 
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4*  KATffil^L  CLASSiriCATIOH;  Ketallic  Jlaterialo 

2*  '^I7L£;  High  and  Lom  Tsepai'ature  Tensile  HropercicK  of  HA330. 

3.  CbJECTIVE; 


1/eterainatiC?  of  tenriie  properties  at  cryogenic, 
rocE  and  elevated  teEpereturea,  T)iiE  work  la  a 
aocierate  progrss* 


4.  AhSTPJvuT  CF  HiUULTS  OR  CuliCLohlOMS; 


hi<z.  Tempera f-re 

2100*^? 

L*t.  Tensile  Strength,  psi 

76,OOC 

3650 

Yield  strength  Q.2^  Offset 

32,000 

3330 

/w  illongation  in  2** 

49 

89 

Th.is  .‘iAiA  sponsored  wcra  is  beirsg  perfoned  by 
hockfctaync  and  is  2bi’  complete. 
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feuilio  Haterlala 

;  High  acd  Low  TsEparatura  Taosils  Fl*op«rtiea  of  R/033» 


Dateraiitation  of  tenaila  propsrties  at  oiyogeiiio, 
roQsa  assd  slavatad  teaporaturae .  This  wort  is  a 
aod«rats  prtJgrcas* 


Tsawratvre  o? 


i 


t,  Tsnail*  Strei^tfc  psi 


ielid  Strength  Q,2%  Offset 


Elongatias  1«  2“ 


— 

-320 

Roce 

500 

1500 

2100  ! 

j 

153,000  j 

92,400 

85,900 

42,300  j 

6300 

] 

a«.,3oo  1 

47,100 

32,400 

35,  W 

4CXX> 

47.5  1 

43.5 

1 

47 

22.5 

40 

as!£^si>ci«-=ia»j 


ssfsja 


IA-^-1049^ 
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1.  KAT£3tIAL  CLASSIFICATION;  Metallic  Material* 

2.  TITLE:  hechanical  Properties  of  eelded  Inconel  718. 

3.  OBJECTIVE; 


To  determine  the  mechanical  properties  of  Inconel  718 
after  welding,  with  several  sequences  of  thermal  treat¬ 
ment,  at  temperatures  between  -320®F  and  1500®F,  in 
.070"  and  .167"  iLateriai.  This  was  an  extensive  program. 

4.  liii^TRACT  Of  BEBULTo  ’JY  CCi.'CLlBlGNS; 


Tr;e  frl*. owir./  table  .ists  a“few  representative  values 
of  ultimate  tensile  strength  across  welds  at  various 
temperatures. 


TEET 

WELLIKC 

SESLENCB 

T'^operature 

weld.  LT,  Age 

weld.  Age 

kj'e,  weld 

Age,  Weld,  Age 

-320 

■  .  ■  ... 

2?9,‘5CO 

i&:,ooo 

231, 6X 

F..T. 

ic6,0X 

172, OX 

1>3,00C. 

18fe,6X 

1000 

132, cX 

147, 3X 

106, 9X 

165,000 

13X 

7:;,3»oo 

70. 4  X 

62, 4X 

73,8X 

It  was  found  that  even  short  periods  of  aging  improved 
the  properties  of  the  velced  material.  Cracking  during 
welding  was  more  of  a  problem  with  material  heat  treated 
before  welding,  but  was  not  serious  even  here,  except 
under  conditions  of  severe  restraint. 

This  work,  performed  by  Rocketdyne,  was  MilSA  sponsored 
and  is  ccnplete. 
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1.  KATiJtlAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLE;  Effect  cf  Brazing  Teaperaturea  cn  Properties  of  Inconel  718. 

3.  OBJECTIVE; 


Tc  deterniine  whether  any  rednction  in  heat  treated 
cechanical  properties  of  Inconel  716  could  be  antici¬ 
pated  due  to  exposure  of  the  material  to  temperatures 
in  excess  of  optimum  s>^lution  treatirig  temperature 
(l7Z5^F)t  This  workwasa  limited  program. 

4.  ABSIr-ACT  Cf  H.-lilLTL  JR  CC.VCLfSICi^S; 

The  following  taole  shews  the  results  obtained: 


' 

^  Solution 

* 

Treating  Temperature  °F 

i  1723 

f 

1950 

2150 

Tested 

fiela  Iitrer*gth 

> 

1891 X 

161200 

157900 

at  -320F 

Ultimate  Tensile  Str. 

243500 

230500 

222300 

^  Elongation 

27.0 

32.0 

30.2 

Tested 

Yield  Strength 

162900 

133200 

128900 

at  R.T. 

Ultimate  Tensile  Btr. 

190200 

161600 

173300 

;»  Elongation 

22.7 

26.1 

25.3 

Tested 

Yield  Strength 

133000 

110700 

106700 

at  120C.F 

Ultimate  Tensile  Str. 

156COC 

145300 

136900 

^  Elongation 

9.5 

14.0 

12.0 

The  material  is  net  severely  affected  by  overheating  so  far- 
as  mechanical  properties  go,  possibly  13-20^.  Time  and  fUnds 
restricted  the  scope  of  investigation  into  side  effects  su^  as 
corrosion  resistance,  and  these  efforts  could  be  checked  prior 
to  specification  of  such  elevated  temperature  proeesaing. 

Bince  brazing  can  be  dene  at  or  below  1S>50^,  the  problem 
is  not  pressing. 

This  work  was  company  sponsored  by  Rockstdyne  and  is  complete. 
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1.  MmLALJ:3*mm^mS&z  ifetmlllc  feterUla 

2.  TITl^t  Stability  of  Xeecftal  illpy  X-750 

Tbs  obJootiTs  u&s  to  dotersim  ths  dlasusiottal  obsi^s 
of  loooiasl  &1?'7  a-750  «ft«r  thsrssal  trsatassat,  Thic 
vcsrk  was  &  liBitsd  pcogroK. 

A  oao-iaoh  diaaatsr  bar  of  Iaaoz»}l  elloy  I->750  was  etrt 
into  six  11  izoh  (Bcsioal)  lesj^tbs  aod  treatod  to 
ooadltioxs  shown  la  ?abla  II 

IKOHEL  ALLOf  r~750  TEST  BAR  IlttTIAL  COSDmOKS 


^Speeissaa 

1 Desoriptioa 

—  .-■  I  ...-, 

Cc'adltic® 

- 

Tharai&l  Treatx&»nt 

l^rdsess 

Ro 

.....  .  -  . 

r  ^ 

A 

1  Amssaled 

Obs  hour  at  195CF,  air  eoolod 

29 

E 

1 

itresB  equalised 

24  hoars  at  1625,.  air  cooled 

21 

c 

1 

Srassd 

F-1  hraae  cycle 

25 

1) 

^u^lised  & 

24  boora  at  l625Ft  air  ooolsd; 

34 

aged 

10  hotara  at  J3CX)r,  air  cooled 

■ 

E 

"1550®  cosditiist 

On®  bc^  at  1950F,  air  oooled 

charged  into  155QP  furnao®. 

26 

hald  16  houTB,  air  eoolsd 

i 

F  I 

fet  roUsd 

4a~rcc9i7ed,  no  tra&teent  I 

31 

..  _ _ _ 

- - - - _»J 

Tbsa®  bargi  wora  than  troatad  in  a  typio-al  braso 

oycl®  and  jjijsd  10  hours  at  ,  with  Bwasur^ants  bafore 

aid  aftci”  each  treatswni.  Tho  ras'oits  aro  shows  in  Table  II. 


88 


Index  5o^  54 


IA-61.1049-1 


TABLE  II 

DIMHCIONAL  CHAl.'GES  OF  INCONEL  ALLOY  E-750 
AFTEH  THERJ'iAL  TREATMENTS 


Specimen 

Designation 

Length 
before  braze 
Inches* 

Lengtr. 
After  Braze 
Inches* 

Unit  Change 
in  Length 
Due  to 
Brazing 
in/in 

Length 

After 

1  Aging 
Inches* 

Unit  Change 
in  Length 
Due  tc 
Aging 
in/in 

Total  Unit 
Change  in 
Length  due 
to  Braze  & 
Age- 
in/^’in 

Final 

Hardness 

Rockwell 

"C" 

(a) 

(b) 

ia  -  b) 

(  a  ) 

(c) 

151 

A 

11.1741 

11.1642 

U.16?} 

.0000607 

.000967 

33 

B 

11.2119 

11.2012 

.000954 

11.2002 

.0000693 

.001042 

31 

C 

11.1552 

11.1469 

.000744 

11.1458 

.0000987 

.000642 

31 

D 

11.1739 

11.1657 

11.1646 

.0000985 

.000633 

33 

E 

11.1638 

11.1532 

11.1521 

.0000986 

.001048 

36 

F 

11.0842 

_ 

11.0737 

11 *0724 

.0001175 

.001065 

_ 

31 

•All  lengtn  values  represent  the  average  of  four 
measurements. 


Tnis  voric  was  performed  under  NASA  sponsorship  bjr 
Rocketdyne  and  is  lOQ^  complete. 
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1. 


t  Matallie  I^giteri&ls 


TITLSt  S’fsat  of  Cooling  Eato  «sa  I'feohaaieal  Ft*op8rtie8 
of  IssGotKfel"-!  (X-750) 

3. 

objeetiv«  vms  to  datoTEisa  tha  ^ffoot  of  tbs  ocwliiag 
rat«  trcsi  tba  solution  anmcl  or  hra^iing  tenyparature  on 
th*  dastiiity  of  laooael-X.  This'  waa  s  lislte^  pregrsB® 

4. 


®  ■ 


Ccadltloa  of  Inooisal-X 
(1/6  ia.  thick  staak) 

Tro^  of  "rooa  tesiierature  elongation 
as  ortiixuito,  rate  af  cooling  ae 
aboisita"  curve 

^piutioo  treated  at  1950oF, 
ibsn  ooolea  at  rates  varying 

frott  600QF/siii.  to  0.6F/aia, 
witiin  1?C^«  to  11(X)®F  range. 

50%  elongatioa  at  600D®/rla. ,  reaching 
a  siniisua  of  2S%  betwsen  10  and 

20?/»in.  and  inoroasing  to  30% 
elongation  at  0,6®F/ad.n. 

Selution  treated  at  1950®?, 
coolsd  at  rates  fros  6(XK3F/ 
ale,  to  C.6F/aln. ,  within 

1700  to  1100®?  range,  axad 
aged  foizr  hours  at  1300*?. 

~J 

33%  eloiogatisa  at  6t®0%sisi,,  reeoh- 
ing  a  Binifiiss  of  22%  between  K>  sjsi 
20oF/niti.,  and  increasing  to  25% 
elongation  at  0,6*?  ain. 

_ _ _ _ J 

As  a  r®Bult  of  this  invastlgstion,  tfcroe  baaic  points  have 
bs!«K  eatabiished  oonessreing  cooling  rate  and  hardaecr. s 

1.  Within  GooliBg  rate  range  produo.9d  by  water  ql©Ilohia^? 
doin'  to  rates  of  200F/sd.a.,  hardness  varies  iavereelj" 
with  -ioeliag  rate. 

2.  Within  tb-3  oooliag  rat®  range  of  2iXIF/5sin,  to  IOF/bIti.  » 
tk\rd&gae  ia  not  particularly  rate  dapendeat  end  ia  a 
ca.TisT3H  for  as  eool#d  mterxai. 


d»i 


3.  At  oooilng  rat«e  lass  than  lOF  per  jainuts,  hardnaae 
Titrlca  directly  v«ith  ooolii^  rat®. 

Tills  worr  va^  dons  by  Hcck«tdyi»  ander  HAS  A  sponsershlp 
asd  is  c3apl«t». 
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1.  MATERIAL  CUSSIFICATION;  Metallic  Materials 

2.  TITLE;  Single  Age  Versus  Double  Age  on  Inconel  Alloy  718: 

OBJECTIVE; 

The  objective  is  to  compare  the  advantages  of  the  double 
age  as  compared  to  the  single  age  on  Inconel  71B,  using 
stock  thickness,  rate  of  cooling  from  solution  treatment « 
and  testing  temperature  as  parameters.  This  work  is  a 
moderate  program. 

4.  ArfTh.;:~  OF  F.ESILTS  OR  CONCLUSIONS; 

A  CISC  furgir4g  was  sectioned  tc  yield  radial  and  ria 
tangential  specimens,  and,  after  having  been  solution 
treated  for  two  hours  at  IVcb^'F  ana  air  cooled,  these 
were  either  single  aged  or  dcutie  aged.  The  single  age 
is  16  hours  at  1325'^;  the  double  age  is  8  hours  at 
1325*^F,  furnace  ccol  tc  ii50®F  and  hold  until  a  total 
aging  time  of  16  ncurs  elapses.  Average  results  are 
shown  below; 


Lcjation  of  bpecimen 
in  Inccr.el  716  forgir 


Rim  Tangential 


Radial 


Aging 

UTS 

TYS 

Hardness 

ffioerature 

Treatment 

KSI 

KSI 

Elons. 

Rc 

Rocm 

%gle 

181 

149 

29 

39 

Imble 

188 

161 

29 

41 

1100°F 

Single 

151 

124 

22 

Double 

157 

154 

26 

Room 

Single 

leo 

142 

28 

39 

Double 

184 

157 

28 

41 

11X°F 

Single 

154 

117 

18 

Double 

138 

131 

22 

Preliminary  work  Indicates  the  double  age  increases  ultiaate 
and  yield  strengths  without  impairing  ductility*  This  vork 
is  being  performcd^^  Bocketdyna  under  HASA  spoaaorahip  sad 
is  approximately  25^  complete. 
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Aging 

Tre-'itro'ji 

Single 

Double 

Si-gls 

Double 

Sir.gla 

Double 


Inde? 


^-0.5-62 


1.  MftTERIAL  CLASSIFICATIOHi  Metallic  Matsrlalg 

2.  Mechanical  Properties  of  Single  and  Double 
Inconel  ?18 


OBJiKTIVEi 


To  determine  and  evaluate  the  tensile  propf-rtdes  of 
Incontl  718  in  the  double  aged  condition  as  compared  to 
those  of  one  single  aged  condition.  The  vork  described 
herein  :s  part  of  a  comprehensive  study  intended  to 
supplement  existing  ini’orniation  and  is  a  moderate  effort* 

)j.  AP.^^TP.ACT  OF  RESULTS  OR  COHSLlSIONSi 

Ten  smooth  and  ten  notched  tensile  specimens  vere  machined 
from  3ia  inch  barstock,  solution  ti'eated,  and  then  tested 
in  the  single  and  double  aged  conditions  at  -1423?,  130P, 
and  I3OOF.  The  results  of  the  tests  are  shown  in  t!a 
attached  tabl?. 

The  double  agii^g  treatment  resulted  in  an  inenasa  :ln 
the  strength  of  Inconel  716  at  the  temperatures  investi- 
gatsa.  Howeverj  there  is  an  indication  of  some  loss  in 
ductility  at  ele'^rated  teif5>i'M‘atui*a. 

This  Investigation  was  performed  by  Rocketdyne  under 
MASA  contract  and  is  $0%  complete. 

KBSHANICAL  ITOPEmES  OP  INCXiNEL  71 G 


Tost 

Temn, 

Op' 

U.T.3.  j 
K3I 

Y.5.  1 

1  ,2%  Offset 
KSI 

Elong. 
h”  Bia. 

iri 
.  $ 

1300 

US.O 

1 

127.0 

ul.O 

i:»o 

1 

1  152.7 

130.7 

30. 5& 

80  ! 

1  ?0,'.2 

162,6 

21. .  0 

80 

j 

211.0 

172^,0 

?i;  .0 

-L23 

1  03  •  0 

18.0 

'■I23 

256,7  ■ 

1  r.'  L  .0 

19,5 

Red,  of 
Area 

Notched 

Strength*}* 

KSI 

NoteJisd  1 
Strength 
Ratio 

Hard, 

Rc 

59.7 

227.5 

1.52i 

39. 

56.6 

226,0 

I.I48 

I42. 

36.6 

265.0 

1.31 

I4O. 

32. 14 

fc. 

1*26 

J43, 

300,0 

1.23 

- 

19.1 

i 

321.0 

0 

r-i 

' 

— ■»  •• 

♦Res'uli  of  one  t-est.  Second  specimen  failed  in  gags  mark. 

®^Kc  •*  Varied  between  hcO  and  ii.U 

Note:  All  material  solution  treated  one  nour  at  1?50F,  air  cooled  prior  to  aging. 
Single  Aging  Treatm-sit j  16  hours  ©  1325P. 

Double  Aging  Treatment;-  S  hours  9  1  32?F  furnace  cooled  to  ll50F,  held 

II50F  long  enough  to  make  the  tot-al  aging  time 


No.  58a 


18  hours,  air  cooled. 
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1.  >-A.T£RIAL  ClA5oIFICATICN:  Metallic  Materials 

2.  TITLE'  Properties  cf  Cxyp-en  Free  LigJi  Conductivity  Copper 

3.  --BJECTIV11! 

Tr.e  ocjective  was  to  ccapile  tne  rhysicai  and  mechanical 
pronerties  of  OFKC  copper  at  temperatures  ranging  froa 
~4?3^F  t'"  i900°F.  This  was  a  limited  program. 

4.  Cr  HzlXLTS  CR  COKCaSIONS: 

Jata  -were  coilectea  in  1X“F  mc’-ements  on  tens,  le 
itrengin,  yieic  strengin,  e.cngaticn,  tnercal  expansion, 
tr.ermai  conu'uctivity ,  and  soecific  heat.  Ihown  below 
iL  an  aostract  of  the  results. 


Property 

Trend  of  "property  as  ordinate, 
temperature  ss  abcissa"  curves 

Ultimate  Tensile  Strength 

1? .001  tst  at  decreasing 

in  a  ccnca'ie  upward  t>'pe  curve  to 
arouno  i'jO  dsi  at  19CO°F 

lAiCtiiity 

■  1 

Goes  tr.rcugn  a  minimum  of  20ji 
e.onpation  between  600*^  and 
bO^^F.  At  1900°?',  elongation  is 

cvf-r 

Tnemal  Conductivity 

i 

1 

1 

»■>.>  — ——..-I.,...  .»■ 

A  fairly  straight  line  function 
between  4X^F  a.nd  1600'^F  with  the 
value  decreasing  from  P6CO  to 

2300  BTL/sq.ft/W^F/hr. 

The  worK  was  performed  by  Roeketriyne  under  company 
sponsorship  artd  is  complete. 
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BA-6l-.ia49-l 

U-1-61 


1.  HATISIAI.  CUSSIflQATIQgi  Hatollic  Hateriala 

2.  TlTUii  Eraluatlon  of  17-4PH  Stainless  Steel  Sheet  In  Welded  Pressure 

Vessel  Applioatlons 

3.  mssnzit 


Since  expsrlssntally  produced  17-4PH  sheet  was  aTailabla,  cTaluation 
tests  were  conducted  for  the  purpose  of  dsteralnlc^  tensile 
properties  of  welded  and  unwelded  sheet  satarial  in  the  H9(X),  B930, 
and  HIOCO  conditions.  A  pressure  Tassel  design,  proTiouslj  produced 
in  17-7PH,  was  fabrloated  frcsa  17-4PH  and  tested  to  destruction  in 
tha  £900,  R950,  and  HIOOO  conditions  lucd  the  rasiilts  ooepared  to 
those  obtained  with  17-7PB.  This  prograa  was  ooapleted  and  was  of 
aoderate  also. 


Tbs  following  can  be  ooncluded  frost  the  tests  perf arsed  t 


1,  The  burst  pressure  of  the  17>4PH  pressure  Tassels  increased 

with  the  beat  treat  strength  leTel  to  a  coalition  H900  which  was 
the  highest  strength  level  investigated  heroin. 


2.  The  GAH-77  AsBonia  Pressure  Vessel  construe tsd  of  17<h4.FH  stainless 
Bay  be  heat  treated  to  2CX},000  psi  ultiMte  tensile  strength 
(Condition  H900)  without  evidence  of  hrittlo  failure  of  decrease 
in  burst  pressure.  The  burst  pressure  aoccs^nying  this  highest 
pressure  as  ocsipared  to  17~7PH  stainless  steel  tanks,  heat  treated 
to  ths  150,OCX)-170,000  psi  range,  which  bvirst  froE  2500  to  3000  pel. 


3.  Severe  foralng  and  deep  drawing  should  be  perforaed  in  the  over-aged 
oondition  (hl200)  sifter  which  the  17-4PH  naterial  cuat  be  solution 
annssded  before  aging  to  gain  boxIbus  strength. 


4.  Longitudinal  ioi  trsuwverse  nctched-to-unnotchsd  tensile  ratios 
(St-3)  of  17-4PH  wrought  sheet  were  greater  than  unity  in 
conditions  H900,  6950,  and  H1(XX)  (200,000  psi,  194,{X)0  psi,  and 
179,000  psi  average  ultlmte  tensile  strength,  reapsctively) .  Tb® 
elongation  for  the  longitudinal  and  transverse  tensile  specii^ns 
in  these  three  conditions  was  greater  than  7%, 


This  work  was  done  at  S4ID  of  HAA  and  was  Cesapany-Sponsored , 
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M-6l-lOk9-2 

4-15-62 


1.  MATERIAL  CLASSIFICATT.OH;  Metallic  MatorieOs 

2.  TITLE;  Evaluation  of  Surface  Lreparatioa  Treatments  to  jLH5>rova 

Low  Teinperature  Braze  Sealing  of  CHE3  Joints 

5.  OBJECnvS;  This  limited  program  is  "being  conducted  to  deteraine 
a  surface  preparation  or  treatment  for  CRES  steel  Joints,  such  as 
those  of  PHi5-7Mo  or  355^  which  will  iE5)rove  the  integrity  of  th« 
braze  seal,  promote  wetting,  flow,  and  adherence  of  the  "braze 
alloy  and/or  subsequently  reduce  the  brazing  time  and/or  temperature. 

ABSTRACT  OF  RESULTS  OR  roHCLUSIONS;  Preliminary  feasibility  tests 
have  indicated  tiiat  surface  treatments  can  affect  brazing  charactexdstics 
Ro  further  data  are  sis  yet  available.  The  work  is  "being  conducted 
by  the  Los  Angeles  Division  under  U.S.A.F.  sponsorship. 
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H-i5-62 


1.  HAIERIAL  CLASSIFICATKMT;  MataUic  Material* 

2.  TITLE;  Honeycoanb  Panel  Sealing  with  Resistance  Seaa  Welded  Foil  Doublers 

3.  OBJBC'ilVS;  Biis  limited  program  was  conducted  to  establish  a  process 
for  seam  welding  doubler  material  to  PH15-7MO  brazed  honeycomb  facs 
sheets  in  order  to  form  a  pressure  carrying  seal. 

ABSTRACT  OF  RESULTS  OR  CONCLOSIOHS;  FH15-7MO  steel  foil  .0015"  la 
thici^ness  has  been  satisfactorily  weldec  to  honeycomb  panels  ranging 
in  face  sheet  gages  from  .012  to  .060".  These  weldments  have  withstood 
100  cycles  of  30  pai  pressurizaxiion.  The  effort  is  being  conducted  under 
U.S.A.F.  sponsorship  by  the  Lo>  Angeles  Division. 
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na-6i-io49-« 

4-15-62 


1.  MATERIAL  CLASSIFICATION t  Metallic  IftiterialB 

2.  TITLS;  Preliminary  inveatigation  of  l8Ni-7Co-5Mo  High 

Strength  Steel  Alloy 

3.  OBJECnVE;  The  l8Ni-7Co-5Mo  steel  alloy  is  one  of  a  group 
of  nev  materials  reported  to  have  exceptional  toughness 
(resistance  to  notch  effects)  at  high  strength  levels. 

Limited  tests  vill  be  made  to  determine  (l)  room  and  elevated 
tenroerature  smooth  round -bar  tensile  properties,  (2)  locaa 
and  elevated  tenperature  notched  (Kt  *  3-5)  round-bar  tensile 
strength,  and  (3)  charpy  "V:  notch  iupact  strength  at  roo@ 
temperature  and  -65  ¥. 

4.  ABSTRACT  OF  RESULTS  OR  C0NCLUSI0H3: 


Teip.  WS 

F  KSI 

“Dfs 

KSI 

KSI 

■  iWS/St?” 

Charpy 

Ft-lb 

RT 

248.7 

258.7 

4i4.3 

1.60 

9.0 

55 

49,2 

70c 

201.9 

217.9 

327.7 

1.50 

10.0 

59.5 

-65 

• 

m 

• 

• 

«» 

43.0 

This  program  is  being  conducted  by  tbs  Los  Angeles  Division  ander 
U.S.A.F.  sponsorship. 


97 


Index  Ho.  63 


ha-61-1049-2 

4-15-62 


1.  MATERIAL  CLASSrPICATIOH;  ifetalllc  Sfaterials 

2.  TITLE:  DlmeBsioaal  Stability  Study  of  Selected  Magnesloa  Alloys 

3.  OEJECTIYB: 

1)  The  poipose  of  this  vork  was  to  deteraine  tie  preeisloa 
elastic  limits  of  selected  magneslua  alloys  heat  treated 
for  optimum  dii^csicsial  stability. 

2)  To  monitor  dimeneicaal  change  of  alloys  selected  free  tSta 
precision  plastic  Ilrlt  rosolts. 

Ibis  data  is  required  to  assist  designers  of  inertial  sensing  elemests 
to  meet  critical  mass  balance  requii'emsnts  for  long  periods  of  tims. 

4.  ABSTRACT  OP  RES0I5S: 

The  precision  elastic  limits  of  the  Magnesium  Alloys  tested  ranged  fyoB 
2,000  psi  for  ZK60A-T5  to  7,500  psi  for  AZ31B-P  bar  stock.  Proa  these 
tests  four  alloys  have  been  selected  and  are  presently  "eing  tested  for 
long-time  stability  using  coaventicaial  resistance  strai  gages  ac  wall 
as  semi-conductor  strain  gagas. 

An  evaluatiesQ  of  strain  gages  and  adhesives  in  the  stressed  coodltloa  has 
been  conducted  for  use  on  miciro  creep  me&surement.  One  strain  gage  type 
and  adhesive  cembination  has  remained  stable  under  loads  up  to  25^000  p«l 
to  +  10  mlcrolnches/lnch  for  a  three  montl\  period.  Semiconductor  strala 
gagec  are  presently  being  monitored  in  a  positive -negative  gage  full  bridge 
circuit  for  use  on  long-tims  stability  tests.  Sensitivity  0.01  Edcroinches/ 
inch  is  being  realized,  but  roan  tenroeratuie  variations  cause  fluctoatixms 
of  ±  1  microinch/lnch.  Ibis  moderate -in-si.se  pj-ogram  is  being  caodocted  hy 
Aatooetics. 
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ItA-6l-KA9“2 

^-15-62 


MATERIAL  CLASSUTCATTON:  Metallic  M&terlala 


1A-61-T049-2 

^15-6g 


1.  MATERIAL  CLASSIFICA1I0H;  Metallic  Materlala 

2.  TITLE;  Effect  of  HT-15  Braie  Alloy  Diffusion  on 

Mechanical  Properties  of  PH  i5“7  ^  Steel 

3.  CBJECUVE;  Hils  limited  program  is  being  conducted  to  detenaine 

the  diffusion  characteristics  of  HT-15  when  the  alloy  is  used  to  brase 
PH  15-7  Mo  steel  and  to  determine  whether  any  detrlmenteJ.  effects  to 
the  properties  of  the  latter  occur  as  a  result  of  brazing  at  hl^ 
temi)eratures  for  ertended  periods  of  tiae. 

h.  ABSTRACT  OF  RESULTS  OR  COHClUSIOHS;  Rot  yet  completed  testing  indicates 
some  degradation  of  PH  15-7  Mo  properties  after  brazing  at  temperatures 
from  1730  to  1900  ?  for  I/2,  2  and  6  hour  durations.  This  program  is 
being  conducted  by  the  Los  Angeles  Dirislon  \xnder  DSAP  sponsorsMp. 
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HA-61-1CA9-2 

4-15-62 


1.  MAIfERIAL  PPBCIFICATION;  Metallic  Materials 

2.  TITLE:  Eff-'cts  of  N2  Content  on  the  Fati^fu*  Life  of  Fusion  Butt 

Welded  H-11  Steel 

3-  OBJECTIVE:  Axial  tension  fatigue  tests  of  hand  TIG  welded  H-U  sheet 
heat  treated  to  180-300,000  psi  sire  being  conducted  at  room  teii5>eratar«. 
Welds  were  mside  in  vacuum  melted  sheet  using  vacuum  melted  weld 
filler  vires  containing  from  3©  to  1^5  parts  per  million  nitrogen. 

The  information  will  be  used  in  establishing  veld  fatigue  life  and 
determining  gas  content  levels  for  welding  wire  procurement  specificati<»»fl. 

k.  ^TRACT  OF  INSULTS  OR  CONCLUSIONS:  No  data  have  been  generated  to 
date.  Tnis  limited  program  is  being  conducted  by  the  Los  Angeles 
Division  under  U.S.A.F.  sponsorship. 
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HA-61-101^9-2 

4-15-62 


1.  MATERIAL  CLASSIFICATIOH;  Metallic  »iterlala 

2.  TITLE;  Investigation  of  Fatigue  of  260-280  KSI  Consumable 

Electrode  Vacuum  Melted  H-U  Steel  at  Room  Ten^perature 

3»  OBJECTIVE;  Project  will  establish  room  ten5>erature  axial  loaded 
(R  =  0.05)  S-N  fatigue  curves  for  unnotched  8uid  notched  (Kt  s  3»5) 
consumable  electrode  vacuum  melted  H-U  alloy  steel  heat  treated 
to  26O-280  ksi.  One  heat  of  material  will  be  tested  under  this 
limited  prograa. 

4.  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS;  Fabrication  of  specimens  has 
started:  no  test  results  to  date.  The  project  is  being  conducted 
by  the  Los  Angeles  Division  under  U.S.  A.F.  .jsponsorjhlp. 
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HA-61-1049-2 

1^.15-62 


1.  MATERIAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLE :  Evaluation  of  Mechanical  Properties  of  Large  Forgings 

of  Inconel  718  Alloys 

3.  OBJECHTE; 

To  determine  the  relationship  of  the  forging  practice 
on  the  ductility  properties  of  large  Inconel  718  alloy 
forgings.  This  is  a  moderate  effort, 

Ij.  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS i 

A  large  forging  was  made  of  consumable  electrode  vacuus 
melted  Inconel  718  alloy  into  a  die  forging  approximately 
8  in  thick  by  22  in  diameter.  The  initial  group  of 
forgings  exhibited  inadequate  ductility  due  to  residual 
ingotism  in  the  forging.  Subsequent  forgings  were  pro¬ 
duced  using  an  improved  forging  practice  which  included 
more  working  to  minimize  ingotism  in  the  final  part  and 
these  possessed  improved  ductility  with  full  strength 
properties.  Representative  values  are  tabulated. 


Mechanical  Properties 

Sarple 

Procassing 

Location 

U.T.S. 

KSI 

I.S. 

KSI 

Elongation 
$  in  X  D 

1st 

Inadequate 

Center 

162.7 

131.5 

6,0 

lot 

working  of 
metals 

Mid-section 

I7I4.6 

li47.U 

10.5 

2nd 

lot 

Increased 

Center 

182.5 

U3.0 

15.0 

working  of 
metals 

?ttd-section 

179.9 

lh7.9 

28.0 

3rd 

Similar  to 

Center 

171.1 

133.0 

21.0 

lot 

2nd  lot 

Mid-section 

176.1i 

li43.8 

28.5 

The  minimum  acceptable  elongation  value  is  10$. 
The  results  indicate  the  necessity  for  closely 
controlled  forging  procedures  when  there  la 
limited  mechanical  working  between  ingot  sise 
and  final  part  size.  This  work  is  being  per- 
fonaed  by  Rockotefyne  sponsored  by  NASA  and  is 
75$  conrolete. 
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NA-61 -1049-2 

4-15-^ 


1.  MATERIAL  CLASSIFICATION ;  Metallic  Material 

2.  TITLE;  Mechanical  Properties  of  Hy-Tuf  Steel  At  Cryog&iic 

Temperatures , 

3.  OBJECTTTEi 

The  objective  is  to  obtain  design  data  for  Hy-Tuf  steel 
in  the  220/240  ksi  heat  treat  level  at  cryogenic  tem¬ 
peratures.  This  is  a  moderate  effort, 

4.  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS; 

Round  tensile,  notch  tensile,  and  Charpy  V  impact  speci¬ 
mens  were  machined  from  3/4''  diameter  rod.  Test  specimens 
were  rough  machined  ir  the  as  received  condition,  heat 
treated  to  220/240  ksi  and  finish  ground.  This  was  a 
moderate  effort. 

Average  test  results  below* 


Temp. 

Sp 

.  ■  ,  ...  — ■  ,  , 

Charpy  V 
Impact 

Ft  -  # 

r-— — '  '  ■■  .. 

U.T.S.  -  KSI 

$  Elong. 
4D 

$  Reduction 
of  Area 

Notch/Unnotchj 

Tensile 

Ratio 

Kt  -  6.4 

R.T. 

26,5 

231.5 

194.0 

14.0 

50.0 

1.43 

-no 

22,0 

245.0 

220.5 

31.8 

51.2 

l.hl 

-200 

10,1 

— 

— 

— 

-250 

8.3 

- - 

— 

— 

— 

— 

-320 

8.2 

281,5 

248.1 

16.1 

35.5 

0,816 

-423 

7.1 

316.0 

292.5 

0.5 

1.0 

— 

Tests  show  Hy-Tuf  to  be  completely  notcn  s  ensitive  at 
-423F.  Further  testing  is  required  to  establish  usable 
low  temperature  1-5  aits.  This  work  performed  by  Rocketdyne 
and  NASA  spons.-,d  is  75$  complete. 
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NA-61-1049-2 

4-15-^ 


1,  MATERIAL  CUSSIFICATION;  Metallic  Material 

2,  TITLE;  Mechanical  Properties  of  AI3I  h%0  Plate  at  Ciyogenic 

Temperaturas 

3,  OBJICTIVgi 

The  objective  is  to  obtain  design  data  for  AISI 
plate,  AMS  6359,  in  the  I6O/I8O  ksi  heat  treat  level, 
at  cryogenic  temperatures.  This  was  a  moderate  effort# 

li,  ABSTRACT  OF  RESULTS  OR  CONCLUSIONS; 

Flat  tensile  and  notch  tensile  test  specimens  war? 
machined  from  l/h"  tvdck  plate  in  both  the  longitudinal 
and  transverse  directions.  Test  specimens  were  inn;gh 
machined  in  the  as  received  condi.tion,  heat  treated  to 
the  160/180  ksi  strength  level  and  finish  ground. 
Average  test  resvilts  below. 


Temp. 

OF 

U.T.S 

.  -  KSI 

■ 

1 

-  KSI 

%  Elong. 

2"  Qago 

Notch/Dnnotch 
Tensile  Ratio 

Kt  •  6.1» 

Long, 

Trans. 

Long. 

Trans, 

Long. 

Trans. 

Long. 

Trans. 

R.T, 

161.6 

158.8 

151.1 

161.6 

12.8 

12.5 

1.23 

1.19 

-100 

175.0 

172.7 

165.6 

162.9 

lii.3 

11<.9 

1.18 

1.15 

-320 

220.1 

218.1 

211.2 

208.8 

16.3 

lij.2 

0.97 

0.87 

~h23 

261.5 

2U8.1; 

261.5 

2!i8.1) 

a.o 

a.l 

0.1*5 

0.1*? 

Vests  show  that  AI3I  k}kO  plate  heat  treated  to 
160/180  ksi  becomes  notch  sensitive  below  -320F  and 
should  be  used  with  caution  in  parts  containing 
stress  concentrations.  This  work,  performed  by 
F.ocketdyne,  was  NASA  sponsored  and  is  90jS  complete. 


105 


Index  Ho,  73 


NA-6l-10li9-^ 

4-15-62 


1.  MATERIAL  CU.SSIFICATION;  Metallic  Material 

2.  TITLE;  Properties  of  a  New  Nickel  Bass  Alloy  IN-102 

3.  OBJECTIVE; 

The  objective  is  to  obtain  design  data  for  the  mat9ri«».l 
in  the  solution  treated  and  aged  condition  at  el  >vated 
and  subzero  ten^ieratures.  This  is  a  modeiate  program. 

4.  ABSTRACT  OF  RESULTS  OR  OONCLUSIQNSt 

Thirty  flat  test  specimens  (l/8  T)  were  machined  per 
Method  211  Section  4.1.3  sf  the  Federal  Test  Methods 
Standard  No.  i5l,  for  testing  tensile  properties. 

Fifteen  specimens  were  tested  in  the  ainealed 
condition  -  as  received. 

Fifteen  specimens  were  tested  ai car  aging  for  24 
hours  at  1300?. 

Twel’-a  full  tube  sections  1/2"  O.D.  x  0.028"  wall 
were  neated  to  2150F  and  furnace  cooled  60P/inin  - 
sjjnulating  brazing  cycle  -  and  tested  for  tensile 
properties. 

Average  test  results  are  as  follows; 


Index  No.  72 


106 


na-6i -1049-2 
4-15-62 


CONDITIOHf 


Tempe  rature 
op 

Propjerty 

As  Received 

Aged  1300F 

Heated  to  2l50F 
Cooled  60FMn 

Ult.  Tens.  Strength 

118,000 

120,900 

120,200 

Room 

0,2^  Yield  Strength 

47,400 

48,500 

51,600 

Elong.,  ?  in  2“ 

49.5 

51.5 

52.6 

Ult,  Tens.  Strength 

108,500 

107,300 

108,600 

500 

0.2^  Yield  Strength 

37,600 

37,800 

41.100 

Elong.,  %  in  2" 

50,7 

48,0 

48.8 

Ult,  Tens.  Strength 

100,500 

98,700 

110,000 

1000 

0,2%  Yield  Strength 

34,300 

38,400 

37,500 

Elong,,  5?  in  2* 

50,5 

48,8 

60.0 

Olt,  Tens.  Strength 

50, 600 

54,600 

57,900 

1500 

0,2%  Yield  Strength 

500 

35,300 

35,800 

Elong,,  %  in  2" 

50.0 

67,0 

37.0 

Ult,  Tens.  Strength 

161,700 

159,400 

163,400 

-320 

0.2^  Yield  Strength 

67,200 

67,400  1 

79,400 

1 

1 

Elong.,  %  in  2^ 

5o.i 

47.6 

57.1 

Preliminaiy  tests  show  promising  propertios 
at  high  and  low  te-aperetures  ai.d  almost  constant 
yield  strength  within  a  ICOOF  temperature  range. 


The  work  is  sponsored  by  Rocketdyne  and  is 
coxrolate. 
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MATEREAL  CLASSIFICATION t  Metallic  Materiala 

2,  TlHiE;  Mechanical  Properties  of  Rene’  ill  Alloy  As-Welded 

3.  OBJECTIVB; 


To  determine  the  tensile  properties  of  aged  Rene’  4l 
in  the  as-welded  condition  at  various  tc opera tures 
between  80  and  1700F.  This  work  was  a  limited  program. 

U.  ABSTRACT  OF  RESULTS  OR  C0NCLU3I0N9> 

Rene'  hi  sheet  stock  0.312"  thick  was  solution  treated 
at  1975?  and  aged  at  ihOOF.  Specimens  were  subsequently  TIO 
welded  using  Hastelloy  VJ  filler  wire  and  tensile  tested  in 
this  condition.  Weld  reinforcements  removed.  Results  are 
given  in  the  folloidng  table. 
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Specimen 
Idontifi-  ation 

Test 

Temp.  °F 

Yield 

Strength 

KSI 

Ultinete 

Strengtii 

KSI 

Elongation  - 

^  in 

Location  of 
Fracture 

2" 

1“ 

1/2“ 

Parent  lietal 

• 

• 

138.0 

177.0 

7.5 

— 

— 

W-1 

R.T. 

98.0 

1314.5 

h.7 

10.1 

l5.8 

VJeld  Metal 

W-2 

R.T. 

89.6 

131.5 

6.0 

11.0 

19.6 

Wald  Metal 

W-3 

R.T. 

99.0 

1314.  5 

h.7 

8.0 

16.0 

Weld  Metal 

Parent  Metal 

1000 

130,3 

172.6 

8.5 

— 

— 

w-5 

1000 

81.6 

108.V 

14.5 

10.5 

20.0 

Weld  Metal 

W-6 

1000 

75.3 

108.8 

5.2 

11.0 

22.0 

Weld  Metal 

W-7 

1000 

78.8 

109.5 

5.7 

11.0 

20.8 

Weld  Metal 

Parent  Metal 

1200 

121.8 

163.5 

(1) 

— 

....... 

W-9 

1200 

73.6 

107.5 

6,0 

lli.o 

20.0 

Weld  Metal 

W-10 

1200 

76.3 

97.8 

5.0 

9,0 

17.0 

Wald  Metal 

W-11 

1200 

81.1 

103.0 

lj.0 

11.0 

20.0 

Weld  Metal 

Parent  Metal 

lh50 

109.5 

119.0 

(2) 

— 

- - 

W-13 

m5o 

C3) 

97.0 

14.5 

7.0 

II4.O 

Weld  Metal 

V-lk 

11^50 

71.5 

85.6 

14.5 

7.0 

II4.O 

Weld  Metal 

W-15 

1^450 

71.0 

81.6 

14.5 

7,0 

II4.O 

Weld  Me  tel 

Parent  Metal 

1700 

52.7 

61.6 

22.0 

W-17 

1700 

37.14 

53.8 

6.0 

11.0 

22.0 

Weld  Metal 

W-18 

1700 

36.8 

149.8 

7.5 

15.5 

28.0 

Vfeld  Metal 

W-19 

1700 

39.8 

50.2 

(I4) 

11,0 

22.0 

Weld  Metal 

(1)  Clevis  pin  sheared, 

(2)  Practnred outside  2  inch  gage  marks, 

(3)  Shearing  action  noted  on  dovis  pin, 

(Ij)  Two  inch  gage  marks  severely  oxidized. 

This  work  was  performed  by  Rocketdyne  under  NASA  contract  and  is  complete. 
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BA-61-1(A9-8 


1.  MATERIAL  CLASSIFICATION;  MetaUic  Iteterlals 

2.  TITLE;  Weld  Joint  Properties  of  High  6trength-to-Weight  Ratio  Materials 

3.  OBJECTIVE; 

(a)  To  determine  the  weldability  and  mechanical  properties  of  newly- 
developed  high  strength-to-weight  and  heat  re.iisting  alloys. 

(b)  To  determine  the  most  aiitable  welding  process  and  techniques  to 
yield  the  highest  weld. efficiency. 

(c)  To  investigate  new  welding  processes  such  as  electron  betaa, 
short  arc,  plasma  jet,  etc.,  uid  cccpare  results  with  known 
processes  such  as  TIG  and  conventional  MIG. 

4.  ABSTRACT  OF  RESULTS  OR  CONCLUSIORS; 

Cold  reduced  RS  l40  titanium  sheet  has  higher  "as-velded"strength 
than  RS  l4o  in  the  solution  heat  treated  condition. 

Titanium  welded  with  the  electron  beam  process  produces  welds  with 
greater  ductility  than  those  made  with  the  TIG  process. 

Spot  welded  doublers  on  RS‘l40  titanium  tensile  specimens  increased 
the  fusion  weld  joint  strength  very  little  over  the  "as-welded" 
strength,  with  a  resultant  loss  of  ductility. 

Heat  treatment  of  RS  l40  and  RS  8A1-10V  titanium  alloys  after 
welding,  increased  the  tensile  strength  with  a  resultant  loss  of 
ductility. 

Roll  planishing  of  both  electron  beam  and  TIG  welds  on  301XFH  and 
AM355  produced  greater  tensile  properties  than  velds  tested  in  the 
"asi-welded"  condition. 

Resistance  spotvelded  doublers  on  cold  reduced  AH  355  and  301XFH 
stainless,  produced  marked  increase  in  tensile  strength. 

Tensile  properties  of  electron  beam  welded  l/8"  2024-T3  aluminuaj 
were  no  higher  than  those  made  with  the  autor.atic  TIG  process. 

Electron  beam  welds  oarmot  be  made  on  cold  reduced  or  heat  treated 
materials  without  some  loss  of  strength. 


This  work  was  done  at  S&ID  of  NAA  and  was  Ccnpany-Sponsored. 
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HA-6l-10Jj9-2 

k~13-6z 


1.  ^V'T£RIAL  CLASSIFICATION;  Metallic  Materials 

2.  TITLE:  Grain  Size  Related  to  Strength  of  Welds  in  2014-T6  A1 

Alloy  Forgings 

3.  OBJECTIVS; 

An  intermediate  sized  investigation  of  a  problem  of  hot-short 
cracking  adjacent  to  fusion  welds  in  201’-!-T6  aluminum  alloy 
forgings  has  disclosed  that  a  coarse  grain  condition  in  the 
forgings  prior  to  welding,  is  the  primary  factor  responsible 
for  both  crack  sensitivity  and  low  weld  Joint  strength.  The 
results  of  an  earlier  investigation  indicated  a  relationship 
between  radiographic  grain  contrast  and  cracking  susceptibility 
in  fusion  welded  2014-t6  forgings.  Further  study  has  shown  that 
2014-T6  forgings  can  be  differentiated  into  four  classlflcatlone 
on  the  basis  of  radiographic  grain  contrast;  fine,  moderate, 

Tj’pe  A  and  Type  B  coarse.  Information  was  re<iuired  regarding  the 
mechanical  properties  and  mlcrostructural  characteristics  of 
2014-T6  forgings  which  exhibit  the  aforementioned  degrees  of 
grain  contrast. 

The  specific  objectives  vere  as  follows: 

1.  To  determine  the  uniaxial  tensile  and  fatigue  strengths  of 
composite  2014-t6/2024-T3  fusion  w#lds  as  a  function  of 
radiographic  grain  contrast  in  the  forging. 

2.  To  determine  the  relationship  between  radiographic  grain 
contrast  and  the  microstructure  of  20l4-T^  forgings. 

3.  To  determine  whether  shot-peenlng  prior  to  fusion  welding 
will  prevent  hot-short  cracking  in  coarse  grained  2014-T6 
forgings. 

4.  To  determine  the  mlcrostructural  criteria  for  2014-T6 
forgings  from  the  standpoint  of  optimum  fusion  weldability. 

4.  ABSTRACT  CF  RESULTS  OR  COHCLDSIONS: 

The  following  can  be  concluded  from  the  results  obtained: 

1.  The  uniaxial  strength  of  2Ol4-T6/20e4-T3  fusion  welds 
diminished  with  increased  radiographic  grain  contrast  in  the 
forging.  Fatigue  strength  was  not  correlated  with 
radiographic  grain  contrast. 

2.  Radiographic  grain  contrast  in  2014-T6  forgings  was  found 
to  be  a  qualitative  measure  of  grain  size  and  the  degree  of 
preferred  orientation  in  the  area  to  be  fusion  welded. 

3*  Hot-short  cracking  in  coarse  grained  2Q14-T6  forgings  was 
prevented  by  shot-peening  prior  to  welding,  however  teiisilo 
strength  of  the  weldments  was  not  satisfactory. 
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fe-i5-6a 

Pago  2 


4  c  ABSTRACT  (Sg  RESia.TS  OR  OOHgLUSIONS;  (Cont ' d.  ) 

4.  Forgings  which  exhibited  optimum  fusion  weldability  were 
eharacterlzed  by  a  fine  sub-grain  structure  with  extensive 
fragmentation  of  intermetallic  constituents. 


This  work  was  performed  at  the  S&ID  of  HAA  in  connection  with  an 
Air  Force  Contract . 


RA-6l-10i^5-fi 

V-15-^ 


1.  MATERIAL  CLASSTFICATION;  Metal  Repair  Filler 

2.  TITUS:  Physical  Properties  of  Nickel  Plating  and  Plasma -Sprayed  Steel 

Alloy  as  Used  for  Repair  of  Brazed  Steel  Honeycomb  Sandwich  Panel*. 

li.  OBJECTIVE:  Previous  investigations  have  indicated  the  feeiaibility  of 
utilizing~\>oth  electrolytic  sulfomate  nickel  plating  and  plasma -sprayed 
^fetco  42C  steel  alloy  powder  for  repairing  indentations  and  wrinkles  in 
the  face  sheets  of  brazed  honeycomb -core  sandwich  as  well  as  improving 
structural  strength  of  those  panel  areas  having  crushed  core.  However/ 
further  testing  is  necessary  to  obtain  certain  physical  properties  data 
on  the  plated  and  plasma -sprayed  meteil  ^diich  are  required  for  nse  in 
structural  analysis  of  panel  repairs  made  by  the  application  of  deposits 
of  these  metals.  Tests  are  being  conducted  on  both  repair  metals  ia 
both  the  as  deposited  condition  and  after  heating  aging  for  250  hours  at 
46o  F  (to  simulate  elevated  temperature  service  conditions).  Bie  specific 
tests  being  conducted  on  the  repair  sieteils  include: 

1.  Fatigue  design  curves  for  sheets  of  repair  metal. 

2.  Fatigue  design  curves  for  repair  metal  laminated  to  PH15-7>t>  CE^. 

3.  Ccoplete  stress-strain  curves  to  failure  for  the  metal*. 

4.  The  adhesion  to  PH15-7MO  CRES  of  the  repair  metals  as  deteraised 
by  block-shear  tests. 

4.  ABSTRACT  OF  RESULTS  OR  CONCLOSIOHSt :  No  test  results  have  been  obtained 
to  date.  This  extensive  prof^ram  is  1)611:®  conducted  by  the  Los  Angeles 
Division  under  U.S.A.F.  sponsoi»3lllp« 
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Index  So.  76 


GE 


Period 


1  February  1962  to  1  August  1962 


Title. 


Super -Titanium  Alloy  Evaluation 


Objective . 


The  over-all  objectives  of  this  program  are 


1.  To  select  and  evaluate  a  high  strength  titanium  alloy 
for  compressor  wheels  and  blades  operating  at  tempera¬ 
tures  up  to  1000°F  in  advanced  air  breathing  engines. 

2.  To  evaluate  the  potenfal  of  the  newly  invented  Armour- 
WADD  1200-  1800°F  advanced  titanium  alloys  for  air 
breathing  applications. 


Results  and 

Conclusions;  1.  Three  titanium  alloys  have  been  successfully  forged 

into  compressor  wheels  and  have  been  fully  evaluated 
by  Wyman-Gordon  and  the  Titanium  Metals  Corpora¬ 
tion. 

2.  These  alloys  have  the  necessary  1000°F  creep  strength 
but  the  low  yield  strength  of  one  alloy  and  the  surface 
instability  of  the  other  two  alloys  has  eliminated  the 
three  alloys  from  further  consideration  as  compressor 
wheel  materials. 

3.  At  least  three  potential  1200-  ISOO^^F  Armour  titanium 
alloys  are  being  studied  by  TMCA 


i 


i 


I 


I 
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Index  No, 
77 


GE 


Period. 
Tit^e 
Ob]  ective 


Results  a."id 
Conclusions: 


1  February  1962  to  1  August  1962 

Wrought  Nickel  Base  Turbine  Blade  Alloy  Development 

The  over-all  objective  of  this  program  is  to  develop  a  wrought 
nickel  base  alloy  for  air-cooled  turbine  blades  in  advanced  air 
breathing  propulsion  systems  with  2000-  2400°F  turbine  inlet 
temperature.  This  material  should  have  a  l‘^00°F  -  15,  000 
psi  -  50  hour  average  rupture  life  with  adequate  oxidation 
resistance  and  high  fatigue  strength  in  the  1600  -  1800°F 
temperatuT-e  range. 

During  1962,  the  goals  will  be  the  development  of  the  chemistry, 
the  forging  of  experimental  blades,  and  the  study  of  commer¬ 
cially  available  oxidation  resistant  coatings  on  the  selected 
alloy. 


1.  Six  of  the  first  seven  chemistries  were  successfully  ex¬ 
truded  to  1  1/4"  bar  stock.  One  of  these  had  improved 
rupture  strength  at  1900‘^F  compared  to  the  strongest 
commercial  nickel  base  alloys,  but  was  still  short  of 
the  goal. 

?.  Eight  new  chemistries  are  in  process. 
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Index  No,  78 


Period: 


1  February  1962  to  1  August  1962 


GE 


Title: 


High  Strength  Truly  Weldable  Sheet  Alloy  Development 


Objective: 


The  aim  of  this  program  is  to  identify  and  evaluate  a  readily 
weldable  high  strength  sheet  alloy  which  can  be  utilized  in 
advanced  light  weight  jet  engine  compressor  and  turbine 
frames  at  temperatures  up  to  1400°F. 


The  current  high  strength  alloys,  such  as  Rene'  41,  are  not 
satisfactorily  weldable.  The  readily  weldable  alloys  do  not 
have  high  strength.  The  objective  of  this  program  is  to  de¬ 
fine  a  composition  which  will  have  good  weldability  (including 
resistance  to  strain  age  cracking)  and  substantially  retain  the 
high  strength  properties  of  Rene'  41  as  follows: 


1400°F  Tensile  Strength 
Ultimate 

,  2%  Yield 

1400°F  Rupture  Strength 
1 00  Hours 


Required  New 
Weldable  Sheet 

130,  000  psi 
110,  000  psi 

48,  000  psi 


Best  Present  Ma- 
terial  -  Rene '  41 

143,  000  psi 
123,  000  psi 

50,  000  psi 


A  weldable  alloy  meeting  the  strength  goals  is  to  be  identified 
in  1962,  Design  data  will  be  established,  and  producibility  of 
the  alloy  will  be  demonstrated  in  1963. 


Results  and 

Conclusions :  1.  First  quarter  work  included  a  survey  of  alloy  producers  to 

determine  the  status  of  new  alloy  development  pertinent  to 
this  project.  A  number  of  candidate  compositions  were 
started  through  evaluation.  Experimental  compositions  were 
melted  at  General  Electric  to  evaluate  the  function  of  the  hard¬ 
ening  elements  Al,  Cb,  and  Ti  on  precipitation  hardening  rates. 
Additional  laboratory  work  was  started  to  determine  the  metal¬ 
lurgical  factors  which  affect  weldability.  The  purpose  of  this 
study  is  to  provide  better  fundamental  knowledge  of  welding 
metallurgy. 

2.  During  the  second  quarter,  candidate  alloys  submitted  by 
alloy  producers  were  evaluated  in  strength  and  weldability 
tests  None  of  the  compositions  mat  all  of  the  program  re- 
qv'^ernents  andeliorts  were  turned  towards  direct  alloy 
de  "  '  '  This  development,  plus  the  study  of  metallur - 

_ical  factrjis  affecting  welding,  was  str-  -sed  during  the  second 

quarter. 
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GE 

Period:  1  February  1962  to  1  August  1962 

Title:  First  Stage  Turbine  Blades  Product  Improvement 

Objective:  This  study  is  aimed  at  improving  the  thermal  fatigue  resistance 

of  first  stage  turbine  blades. 


Results  and 

Conclusions.  The  evaluation  of  the  thermal  fatigue  properties  of  various 
alloys  on  thf>  bench  test  rig  has  continued.  Alloys  evaluated 
under  three  or  more  conditions  include  Cast  U  500,  Wrought 
U  500,  DCM,  IN-100,  SEL-15,  and  Inco  713C.  U-700, 

Nimonic  115,  and  AF  1753  are  now  in  test. 

Three  types  of  coatings  have  been  applied  to  Wrought  U-500 
specimens.  These  coatings  are  being  quality  checked  to 
determine  adherence  and  abrasion  quality,  A  portion  of  the 
specimens  have  been  returned  to  the  coating  vendor  because 
of  poor  quality.  Acceptable  specimens  are  now  being  tested 
in  thermal  fatigue. 

Long  time  exposure  specimens  are  now  ready  for  thermal 
fatigue  testing.  The  effect  of  reheat  treating  after  long  time 
exposure  is  being  evaluated  for  both  thermal  fatigue  and 
stress  rupture.  It  has  been  determined  that  an  appreciable 
portion  of  the  stress  rupture  life  can  be  recovered  by  reheat 
treating.  This  will  be  correlated  with  thermal  fatigue  mechan¬ 
ical  fatigue  and  tensile  properties. 
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Period: 


1  February  1962  to  1  August  1962 


GE 


Title:  Long  Time  Behavior  of  Turbine  Materials 

Objective’  This  program  is  a  metallurgical  and  mechanical  property 

study  of  power  plant  materials  for  the  Supersonic  Transport. 
Creep- rupture  properties  will  be  measured  out  to  10,  000  hours. 
In  addition  to  the  actual  measurement  of  long  time  properties, 
this  program  will  determine  the  strength,  ductility,  and  micro¬ 
structure  of  the  materials  after  they  have  been  exposed  for  long 
periods  of  time. 


Results  and 

Conclusions  Materials  selected  for  testing  are: 

Inco  718 
Rene'  41 
R-27 
Astroloy 


These  materials  are  being  procured  as  forgings.  Testing  has 
not  yet  started. 
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Period:  1  February  1962  to  1  August  1962 

Title:  The  Effect  of  Oxidation  and  Surface  Preparation  on  the  Low 

Cycle  Fatigue  Behavior  of  Materials. 

Objectives:  The  purpose  of  this  investigation  is  to  determine  the  effect  of 

surface  preparation  and/or  oxidation  on  the  low  cycle  fatigue 
behavior  of  V-57  and  A-286.  The  low  cycle  fatigue  behavior 
of  these  materials  has  been  observed  to  deviate  from  the 
expected  levels.  In  order  to  account  for  this  deviation,  the 
abo'/^e  two  phenomenae  are  being  investigated. 

Results  and 

Conclusions  Low  cycle  fatigue  tests  on  specimens  with  various  types  of 
finishes  (ground,  polished,  peened,  coated)  have  indicated 
slight  or  negligible  effects  on  the  constant  strain  low  cycle 
fatigue  behavior  of  these  materials  in  the  range  of  about 
2,  000  cycles.  Oxidation  appears  to  be  a  very  important 
aspect  of  this  behavior.  Incomplete  data  at  this  time  in 
dicates  that  little  fissures  of  oxides  at  grain  boundaries  and/ 
or  slip  planes  appear  to  pierce  the  surface  of  the  test  speci¬ 
mens  with  strain  cycling  and  cause  the  initiation  of  fatigue 
cracks. 

This  work  will  continue  to  better  define  this  oxidation 
phenomena. 
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Index  No.  82 


Period: 


1  February  1962  to  1  August  1962 


Title: 

Objective; 


Results  and 
Conclusions : 


The  Low  Cycle  Fatigue  Behavior  of  Turbine  and  Compressor 
Rotor  Materials 

The  objective  of  this  program  is  to  generate  low  cycle  fatigue 
data  on  jet  engine  rotor  materials.  This  data  is  to  be  used  in 
predicting  the  c  peeled  life  of  rotor  parts  v'^hen  subjected  to 
cyclic  strain  due  to  me''hanica]  or  thermal  loading. 


Since  the  initiation  of  this  program,  considerable  amounts  of 
data  have  been  generated  defining  the  low  cycle  fatigue  behavior 
of  A-286,  V-57,  M-308,  35F5  (Cr-Mo-V  steel).  When  testing 
for  low  cycle  fatigue  behavior,  it  is  necessary  to  control  the 
stress  or  strain  conditions  to  duplicate  the  condition  of  the 
application.  The  data  from  this  effort  is  to  be  compared  to 
constant  strain  conditions.  Accordingly,  equipment  has  been 
developed  and  used  which  applies  a  constant  strain  cycle  to 
the  specimen.  This  program  has  not  been  completed.  How¬ 
ever,  considerable  data  has  been  generated.  The  table  below 
indicates  the  temperatures  and  stress  conditions  for  the  data. 


Temperature, 
Material  op 


A-Raiio 

Alternating  Strain 
Mean  Strain 


B5F5  R.  T  ,  450,  850 

V-57  950  and  1150 

A  286  950  and  1150 

M-308  950  and  1150 


.3,  .8,  2.  0 
■£1.0 
f  3.  0 
3.  0 


Generally,  the  results  of  the  tests  have  indicated  considerable 
deviation  from  normal  expected  behavior,  as  described  by 
some  investigators  in  this  field.  The  test  results  have  bev.ii 
lower  than  expected  and  it  is  believed  that  oxidation  phenomenae 
has  been  the  cilprit  in  reducing  the  expected  life  times. 


In  test  cases,  where  engine  tests  or  field  experience  is  available, 
excellent  agreement  has  been  noted  between  predicted  life  based 
on  these  results  and  engine  experience. 
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Period:  1  February  1962  to  1  August  1962 

Title;  Braze  Alloy  Evaluation  and  Design  Data 

Objective:  The  objective  of  this  program  is  to  identify  and  select  braze 

alloys  for  joiiiing  high  temperature  super  alloys  for  the  design 
of  u^tra-light  weight  structures  needed  for  high  thrust-to-weight 
ratio  engines.  Alloys  developed  by  FPLD  as  v/ell  as  by  outside 
vendors  are  to  be  evaluated  continually  for  application  in  sheet 
metal  structures.  These  braze  alloys  are  to  be  evaluated 
against  the  requirements  listed  below,  and  the  best  of  the  alloys 
will  be  more  fully  evaluated  for  design  data. 

1.  Comparibility.  Compatible  with  super  alloy  base  materials. 

2.  Brazing  Temperature:  1950  to  2050°F 

3.  Minimum  Heating  Rate:  Alloy  capable  of  producing  good 
joint  when  brazed  in  furnace  with  25°F/Min.  heating  rate. 

4.  Oxidation  Resistance;  1  500°F/ 1  00  hour  s.  No  preferential 
oxidation;  003"  max.  general  oxidation. 

5.  Strength:  Shear  Tensile  -  R.  T.  ,  35,  000  psi 

1200°F,  30,  000  psi 

Shear  Rupture  -  1250°F,  10,  000  psi/ 100  hours 

1450°F,  4,  000  psi/100  hours 

Results  and 

Conclusions:  Screening  tests  on  four  brazing  alloys  have  been  completed  and 

the  results  compared  with  the  requirements.  Two  alloys,  CM- 52 
and  R-46,  approach  the  strength  requirements;  however,  CM- 52 
results  in  the  formation  of  brittle  boride  phases  in  Rene'  41  and 
R-46  alloy  exhibits  inadequate  oxidation  resistance.  Braze  test 
specimens  for  four  other  alloys  have  been  brazed  and  are  being 
prepared  for  evaluation. 
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Period: 


Title: 
Objective  • 


Results  and 
Conclusions ; 


G£ 


1  February  1962  to  1  August  1962 

High  Strength  2000‘^F  Sheet  Alloy  Development 

The  objective  of  this  program  is  to  develop  a  nickel  or  cobalt 
base  alloy  having  strength,  formability,  v/eldability,  and  oxi¬ 
dation  resistance  suitable  for  long  life,  high  temperature 
combustion  and  afterburner  liners  for  advanced  jet  engines. 
The  property  goals  for  such  an  alloy  are  as  follows: 

1.  Oxidation  Resistance:  90%  of  the  basic  material  strength 
is  to  be  retained  after  1000  hours  exposure  at  2000°F. 

2.  Rupture  Life:  2000°F  -  2000  psi  -  1000  hours 

1900OF-  3000  psi  '  1000  hours 


1.  Screening  evaluation  of  vendor  alloys  has  been  completed. 
The  only  vendor  alloy  found  to  meet  requirements  was 
DuPont's  TD  nickel;  a  Ni-2%Th02  dispersion  strengthened 
alloy. 

2.  Alloy  development  work,  based  on  increasing  the  solid 
solution  strength  of  nickel  base  alloys,  is  continuing. 

SoUd  solution  strengthened  alloys  containing  up  to  15%  W 
and  .  1%  La  have  been  melted  in  10#  heats  and  successRUly 
processed  to  sheet.  Button  heats  of  these  compositions 
exhibited  excellent  oxidation  resistance. 
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1  February  1962  to  1  August  1962 


Advanced  Nickel  Base  Sheet  Alloy  for  Service  to  1800°F 

The  aim  of  this  program  is  to  develop  a  nickel  base  sheet 
alloy  which  can  be  utilized  in  high  strength  fabricated 
structures  for  service  up  to  1800°F.  The  present  high 
strength  sheet  alloys  are  either  not  strong  enough  or,  if 
they  have  the  strength,  are  not  capable  of  fabrication  by 
welding  into  the  structures  needed. 

The  alloy  required  must  have  weldability  properties  com 
parable  to  those  of  Rene'  41  while  retaining  the  following 
high  temperature  properties. 

Best  Present  Ma 
Required  terial  -  Rene'  41 

1800°F  Rupture  Strength 

100  hrs.  14,  000  psi  7,  500  psi 

1000  hrs.  6,  000  psi 

A  weldable  alloy  meeting  the  strength  goals  is  to  be  idenfi- 
fied  by  1  March  1963.  Design  data  will  be  established  and 
producibility  of  the  alloy  established  by  1  January  1964. 


Nine  compositions,  based  on  Astroloy  and  E1826,  have  been 
melted  and  are  currently  being  processed  into  sheet.  The 
compositions  selected  are  intended  to  be  less  dependent  upon 
gamma  prime  strengthening  and  more  dependent  upon  solid 
solution  strengthening  than  Astroloy.  The  chemistries  are 
also  balanced  so  as  to  promote  the  formation  of  the 
carbide  rather  than  the  less  stable  My.  carbide. 

Results  thus  far  indicate  that  all  nine  compositions  are  capa- 
ble  of  being  hot  rolled  into  sheet.  Strength  test  results  on  these 
alloys  are  not  expected  to  be  available  until  after  15  August  196 
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Results  and 
Conclusions ; 


1  February  1962  to  1  August  1962 

Microstructural  Study  of  Welded  Rene'  41 

To  determine  if  metastable  microstructures  contribute  to 
the  crack  sensitivity  in  the  heat-affected- zone  of  welded 
Rene  '41, 


Restrained  Rene'  41  weld  specimens  for  every  heat  treatable 
condition  used  in  production  have  been  prepared  and  are 
scheduled  for  study  by  x-ray  diffraction  and  electron  micro¬ 
scopy  techniques. 
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NOR-61-232 
Page  1 


GENERAL  MATERIALS  INFORMATION  -  HIASE  II 

MATERIALS  WORK  IN  PROGRESS 


TITLE:  Production  Survey  and  Foundry  Capability  of  17-4fH 

Investment  Castings 

OBJECTIVE:  To  control  the  three  initial  casting  lots  of  all  founders 
under  contract  to  produce  Norair  castings  of  17— ^PH  stain¬ 
less  steel.  This  effort  is  designed  to  select  the  best- 
qualified  founders  and  to  assist  in  the  production  of  the 
best  possible  castings. 

MATERIALS:  17-*«^HI  Stainless  steel  castings. 

RESULTS:  Three  production  lots  have  been  qualified  for  l8  part  numbers, 

while  one  part  has  had.  two  lots  qualified. 

Initial  casting  problems  such  as  excessive  microshrinJkage  and 
homogenization  heat  treatment  have  been  successfully  overcome 
by  the  use  of  close  foundry  control  practices. 

CONCLUSIONS:  The  program  has  shown  that  the  casting  of  17-^PH  can  be 

successfully  and  consistently  acconrplisbed  if  the  casting 
vendor  is  willing  to  exercise  precise  control  over  his 
casting  procedure  and  to  follow  the  process  requirements. 

It  has  been  found  that  deviations  from  these  paths  lea^i 
to  subpar  quality  castings. 

ESTIMATED  COMPLETION  DATE:  15  January  1962 
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D/.TA  SOURCE:  Northrop  Corp.,  Norair  Div.  (76823) 
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Page  4 


GENERAL  MATER1AI5  INFORMATION  -  PHASE  II 

MATERIALS  WORK  IN  PROGRESS 


TITLE:  Electron  Beam  Welding  of  Refractory  Alloys  and 

Beryllium  Metal. 

OBJECTIVE:  To  investigate  the  effects  of  prior  alloy  melting 
practice  and  pertinent  welding  parameters  for  the 
electron  beam  welding  of  refractory  alloys  and 
bei'yllium  metal. 

MATERIALS:  F-82  Columblum  sheet 

Molybdenian  0 . 51^  T1  sheet 
PH  15-7  Mo  sheet 
Beryllium  sheet 

RESULTS:  This  is  a  new  program  starting  in  October  196I,  therefore 

there  are  no  results  or  conclusions  to  be  reported  at  the 
time  of  preparation  of  this  progress  report. 

ESTIMATED  COMPLETION  DATE:  31  July  I962. 
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Northrop  Corp.,  Norair  Div.  (76823) 


DATA  SOURCE: 


OENERiXL  MATERIALS  INFORMATION  -  PHASE  II 

MATERIALS  WORK  IN  IHOGRESS 


TITI£:  Pundeimentals  of  Cold  Welding  in  Vacuum 

OBJECTIVE:  To  investigate  the  fundamentals  of  the  cold  welding  of 
t' elected  metals  in  a  vacuum. 

RESULTS:  This  is  a  new  program  starting  in  September  196I.  Results 

to  elate  have  covered  a  litereture  search  which  revealed  that 
most  welding  work  reported  used  vacuum  as  a  protective  me- 
diian.  Hot  press  welding  has  been  performed  up  to  10“^  nsa 
Hg.  Fi'iction  studies  reported  Indicate  that  metal  seizures 
increase  as  oxides  are  outgassed  from  metal  surfaces,  as 
surface  area  increases,  and  as  load  increases.  Only  one 
reference  was  found  where  parts  were  welded  by  outgassing 
techniques . 

ESTIMATED  COMPLETION  DATE:  31  I962 
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NOR~6l-i32 
Page  7 


GENERAL  MATERIAIS  INFORMATION  -  PHASE  II 

MATERIALS  WORK  IN  PROGRESS 


TITLE:  Puflion  Spot  Welding  for  Mach  3  Aircraft  Sturctures 

OBJECTIVE;  To  continue  the  previous  investigations  of  fusion  spot 
welding  of  precipitation  hardening  corrosion  resistant 
steel  sheet  for  use  in  Mach  3  aircraft  structiires  by 
developing  design  allowables,  eind  preparing  a  process 
specification  to  control  the  procedures. 

RESULTS:  Weld  parameters  have  been  developed  for  fusion  spot  weld¬ 

ing  a  variety  of  thicknesses  of  precipitation  hardening 
corrosion  resistant  steel  sheet.  Successful  welds  were 
made  in  all  thickness  combinations  which  varied  from  0.013 
to  0.071  inch  for  base  sheet,  and  from  0.020  to  0.0^0  for 
top  sheet.  Welded  specimens  are  in  preparation  for  a 
statistical  analysis  of  Joint  properties. 

ESTIMATED  COMPLETION  DATE:  I5  March  I962 
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DATA  SOURCE:  ho.-throp  Corp.,  Norair  Dlv.  (76O23) 


NOR-6l-i32 
Page  8 


GENERAL  MATERIALS  INFORMATION  -  HIASE  II 

MATERIAI5  WORK  IN  PROGRESS 


TITLE:  Recrystallization  Parameters  of  Molybdenum  and  Columbixim 

Alloys 

OBJECTIVE:  To  investigate  the  recrystallation  behavior  of  selected 

molybdenum  and  columbium  alloys  at  temperatures  and  times 
corresponding  to  typical  brazing  cycles^  and  the  effect 
of  these  thermal  treatments  on  the  microstructure  and 
mechanical  properties  of  J;he6e  alloys. 

RESULTS:  This  is  a  new  program  starting  in  October  I96I,  therefore, 

there  are  no  results  or  conclusions  to  be  reported  at  the 
time  of  preparation  of  this  progress  report. 

ESTIMATED  COMPLETION  DATE:  31  July  1962 
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1  Haroh  1%1  to  1  Soptoaber  1961 


Hi^h  IbBsperatoro  Materials 
Colw&ltsi  Alloy  PS82 

A  Stxkly  of  the  High  T^jjerature  Base  Mstal,  Welded 
Joint,,  and  Mecbaniaal  Joint  Properties  of  a  Colusabitea 
Alloy. 

REA  Ul-9107 

1.  To  d«?alop  aathods  for  Joining  (Bsohanieal  and  weld 
joints)  a  oolusibiua  alloy  to  itself  and  to  other  high« 
strei^th  high-teaperat^a^  naaterials. 

2.  To  dstersins  tbs  high-teaparatnra  properties  of 
the  base  natal  and  the  varions  joints. 

Elaotron  bean  welds  and  gas  shielded  tuxagsten  are  welds 
hsTa  been  Bade  in  Famteel  FS  82  and  properties  establish^. 
Rooa  teaperature  and  so&s  elevated  tsapsrature  aoehanioal 
properties  of  the  base  setal  have  been  dtoterainsd. 

Base  B»tal  properties  of  the  FS-^Z  tested  in  this  progren 
are  about  25  percent  higher  at  rooa  teaperature  th^ 
those  reported  by  the  peroduosr.  At  2000*>p  the  naohanioal 
properties  are  about  the  sane  as  those  reported  by  the 
producer. 

Electron  bees  welds  were  bent  140<*  over  a  3/4T  radios 
without  failire.  Grain  sise  in  this  weld  was  quite 
large  and  hardness  surveys  showed  no  hardenii^  tr;m  gas 
pleko^.  These  welds  bad  a  roc@  tasperature  tensile 
stirength  of  51f600  pel  with  a  ductile  shear-  fraettre  in 
tbs  weld.  Weld  effietonoy  was  about  60^. 

Gas  shielded  tui^i  tea  inert  arc  welds  were  bent  lOQo 
over  a  3/4T  radiut  without  failiare.  A  few  saall  cracks 
were  initiated  wi^h  further  beading.  Oain  sise  was 
relatively  ssall  lad  hardness  saasuresientB  showed  a 
slight  increase  in  hardness  which  apparently  is 
izslioative  of  gas  pickup  during  welding.  Tensile  strex^th 
at  roca  tesperature  was  75 >000  psi  and  fracture  occurred 
in  the  heat  affected  sons.  Weld  efficiency  is  about  8S 
percent. 

Braae  welds  between  th»  coliaabitsa  alloy  and  a  high  nickel 
base  alloy  {U500)  were  attoapted  with  aisl  without  filler 
i^tal.  successful  brass  weld  was  fcsmed.  Brass  welds 
cracked  as  they  were  foraed  and  at  present  appears  to  be 
aostly  a  problea  of  different  thereal  expansion  eoafficieats 
for  tha  two  aaterials. 
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1  March  1961  to  1  Septesbor  1961 


High  Teapsrature  ffeteriala 
Cb-FS82,l/2Ti 

The  Elevated  Teoperature  Baae  Metal  and  Joint  Properties  of 
Refractory  Metals 

REA  111-9205 

1.  To  deteTEdns  the  high  tenporature  tensile  aiKi  creep- 
rupture  properties  of  ooluttbiuB  and  nolybdenua  alloys  ajKl 
the  properties  of  -rarious  points  at  teaperature  up  to  2500^, 

2.  To  deteraiia  tbs  high  ta&peraturs  properties  of  fusion 
welds  of  Mo-1/2  Ti  alloy  prepared  by  TIB  and  electron  bean 
welding. 

Base  metal  and  fusion  weld  tensile  properties  of  the  FS-82 
eolwbiun  alloy  (Cbt33Ta+0.7Zr)  have  been  deterained  fros 
anbient  temperature  to  2600:?,  Base  metal  tensile  properties 
were  determined  using  two  different  heat— periods  prior 
to  test:  30  seconds  and  30  miimtes*  In  general,  the  tensile 
properties  deterained  iising  the  short  heat-up  period  imure 
considerably  lower  than  those  found  laing  the  long  b9at-«p 
period  at  temperatures  below  ISOOop,  but  much  higher  at  higher 
te8q>srature8 .  'this  behawitar  was  related  to  strain  ageing  at 
teaperatures  Iwlow  1600<¥  and  recovery  and/or  reerystallisatioai 
at  temperatures  above  1^X)<7.  (breep>-rupture  prop>ei~ties  of 
the  base  metal  and  fusion  weldaents  were  detersdnsd  at  1800**, 
2000<:  and  22C0<¥»  Extrapolation  techniques  were  employed  to 
extend  the  date  to  cover  tsa^)erature3,  tiaes  end  sti^ses  not 
isvostlgeted  in  the  experimental  program.  The  eresp  behavior 
of  the  base  astal  was  analysed  and  the  aetivatlim  energy  for 
creep  was  found  to  be  121,300  ooI/bo^*  This  was  found  to  be 
Is  exoellent  agreemont  witii  tl»  aotlvatlon  energy  for  self- 
diffusion  of  eolisd>iiaB  (105,000  ±  3000  eal/Bol)  aod/or  the 
activation  energy  for  self-difft^ion  of  tantaluB  (110,000 
cel/Wl).  This  data  strongly  suggests  that  creep  of  the 
FS-82  ooluidjiist  alloy  is  diffusion  oontroUed  above  about 
1800«F  (0.45  Ba). 

Electron  beam  fusion  welds  of  F3-82  ware  found  very  ductile  and 
free  from  eontaaination.  Tux^sten-arc  shielded  gas  fusion 
trelds  (TIG  welds}  were  eontsBinated  slightly  Iqr  gas  pieki^ 
during  welding  but  retaixwd  cohsidexrably  ductility.  Tensile 
irald  effioiextcy  of  the  TIG  weldments  decrease  fTcst  94  i»r- 
oent-at  ambient  tcBiperature  to  about  75  percent  at 
Electron  beam  weld  efficiencies  ware  considerably  la<«r; 
deereasin^  fTe®  64  percent  at  ambient  tes^m^tore  to  54 
j>ereent  at  1800^.  The  rupture  life  of  t^  fusion  welds 
appear  to  be  highsr  tian  tbs  base  metal  r(^>ture  life  at 
tec^Ara tores  ovKr  2000*?,  but  appears  to  be  lower  at  lower 
ts^eratures.  However,  bofo  data  is  required  before  this 
conclusion  can  bs  considered  valid. 
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1  Karoh  1961  to  1  Septeeher  1961 

High  Tteparattore  Haterials 

301  SP^  Stainless  Steel,  and  Titanitaa  Alloys 
Ti-13V-ll  Gr-3  Al. 

1 

>n 

t 

ffl.gh  Toaqperature  Properties  of  Selected  High 
Alloys 

Tes^eratur® 

Ica4gs.t.JS?« 

SKA  Ul-9222 

1.  To  doteradne  ths  influence  of  sold  worh  on  the  high 
tei^rature  propsrties  of  selected  alloys. 

2.  To  d«t«radi»  tha  offset  of  eyollc  ezpestsre  to  streee  esd 
teaporatiare  ea  the  hi^b  taiqpera.ture  froptirties  of  seleetod 
ellcgrB. 

3.  To  deteraloe  tbs  iaflusBoe  cf  aaltiiig  {raotlos  on  the  high 
t«xq;>8retiir«  pro|>«rtiea  of  prcadaios  high  teaqperatvsre 

Bgaal^ 

aql  Tt»  elevated  tenperatisre  teselle  end  creep  proportiee  of  301 

£2Ml3^l2fl®»  ETH  etainlee#  steal  end  two  titoalaD  elloje,  Ti-511“2,53a 

(AUOAT)  wad  Tl~13V-110r~3Al  (B120TCA)7  were  dotemisod  op 
to  WO'Y.  In  addition,  the  e^eot  of  oi^p  strain  oa 
snboequent  room  tsa^rature  properties  was  stisiied. 

On  the  basis  of  density  oaspenoated  tensile  and  ereep  str@BSth, 
tha  Ti-13V-llCr-3Al  alley  (SI20VCA)  was  found  to  be  the  best 
alloy  for  use  frca  roan  tempera ttro  to  about  QQO*’?,  ibcm 
800®F  the  Ti-5Al-2.5  Sa  Alley  (All^Az’}  is  the  better  ssatarial. 
Between  400?  sued  800?  the  301  BTB  a^  Ti>5Al-2.5Sn  alloys 
are  quite  oosqsotit&as  when  ooepared  on  a  density  oceap»nsated 
basis.  On  an  ov^'all  basis  tbs  stainless  steel  appears  slightl 
superior  In  this  teaperature  range.  Belov  4CX>? 

Ti-5Al-2.5Sn  alloy  *ay  be  th®  better  oholee. 

Osep  dassge  (i.  e.  tha  dearea^  in  roeo  t<^jar®tur®  tensile 
propartias  dus  to  prits-  exposure  to  stress  at  elevatad 
toaparaturea }  va*  quit®  sfeall.  In  gesoraX,  obaz^es  in  Ftu 
and  did  m>t  exceed  6  psreent.  Decreaeea  in  daotility 
due  to  creep  dasage  were  quite  large  in  so^  oases.  For 
exaaple,  tha  elongation  of  the  Tl~5Al-2.5Sn  allpy  decreased 
frta  22  percent  to  about  7  j^eent  id^n  stressed  for  periods 
of  24  hours  at  ^X)?. 
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m;^terials  rf^earch  project  siMmiy 

1  September  1961  to  1  Kerch  1962 


GDA 


Period t 


Material 

Cla3Slficatlon»  High  Temperatura  Materials 

Materials t  301  XFH  Stainless  Steel,  and  Titanium  Alloys  Ti-5Al-2,5Sti 

and  Ti-13V-llCr-3Al 


mie« 

Project  Not 
Objective; 


Results 
Conclusions t 


High  Temperature  Properties  of  Selected  High  Temperature  Alloys 

RSA  111-9222 

1.  To  determine  the  influence  of  cold  work  on  the  high  temperature 
properties  of  selected  alloys. 

2.  To  deternine  the  effect  of  cyclic  exposure  to  stress  and 
temperature  on  the  high  temperature  _  t>pertie8  of  selected 
alloys. 

3.  To  determine  the  influence  of  melting  practice  on  the  hlg^ 
temperature  properties  of  promising  high  temperature  alloys. 


The  creep  behaviour  of  the  three  test  materiads  under  cy«d.lo 
conditions  was  generally  similar  to  that  observed  under  constant 
conditions;  however,  some  specific  differences  were  noted. 

Type  301  XFH  stainless  steel  had  increased  creep  resistance 
under  cyclic  conditions  at  the  higher  stresses  and  longer  timeSp 
but  no  difference  was  nott-d  at  lower  stresses  or  shorter  times. 


Although  average  creep  curves  under  cyclic  and  constant  conditions 
appear  to  be  the  same  for  the  Tl-5Al-2,5Sii  aJloy,  the  large  first 
stage  creep  observed  at  600®?  during  the  first  loading  cycle  did 
not  occur  on  subsequent  loading  cycles.  Thus,  pre-creep  could  ba 
used  as  a  means  of  strengthening  Ti-5Al-2,5Sii  alloy  for  use  at 
600<>F, 

Wide  scatter  in  the  cyclic  creep  data  from*  tests  of  the  T1-»13V-HCp- 
3A1  alloy  prevented  clear  definition  of  cyclic  creep  effects,  but 
the  average  cyclic  creep  curves  fell  below  the  constant  creep 
curves  under  all  test  conditions. 

Creep  damage  (change  in  room  temperature  tensile  properties  after 
creep  testing'  from  cyclic  conditions  was  similar  to  that  result* 
ing  from  steady  state  creep  testing. 
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1  Ifareb  to  I  Sopt«^^  19^1 


Alwda^  Allojr 

Tit&ai^  allfi^  Sa 

Staialoas  Stsolot  s  FB,  310. 

A  StoS^  01  tho  Sffesis  s£  Sosldar  Hadiatioa  oa  High  Strei^th 
hsrcap^m  Yohlols  ^toriols  at  tbs  BoiUag  Foist  of  Bpdrt^oB 

R£A  111-9212 

To  dstemi^  tbs  ertost  of  &JSjr  datoricsratioa  is  tha  asehasleal 
pr^^ortlss  of  High  strosgth  shoot  allays  as  a  result  of  osp^tsro  to 
QQslear  rttdiatios  »hils  &t  a  teaperatora  of  -i423^.  AoQr  eabrittlo.> 
Best  IscsjfTod  will  ba  doteetod  by  dotanaimtiea  of  ths  sct"h-r€/ 
ts3&otoh«d  tessfle  strosgth  ratio  asd  plotted  as  &  fusotio"  af 
iato^fated  aeatron  dose  to  lol'^hrt  seleetad  alleys  of 

staislsss  stools. 


'R:&  dosiga  of  issoloer  pob.'^^urod  rmkots  usiag  liquid  faydr^oa  %b  a 
pr^sUant  aay  bo  seriously  reotrietod  by  ths  radiatioa  dasage 
ocotarrisg  ia  a^^ttgral  alloys  at  -423**?.  To  Boas«ro  the  aeigcitode 
of  this  effoet,  smooth,  notched,  and  void  Joint  sesplss  of  soloet^ 
faigh  atrssgth  stool,  almictss,  and  titaniisa  alloys  were  suhjooted 
to  BBclear  radiation  while  bold  at  -423^-  fbaae  alloys  war® 

Bjsi  310  stainless  steel  oold  rolled  60  and  f5  poreent  respoetlTsIy, 
5A1~2  1/"  3a  titani\a  (AHOAT),  and  20i4-T6  aJminwa. 


largest  and  »ost  coexistent  effect  v%s  a  deoraaso  in  tensile 
etra^th  after  irradiation  at  -423®F.  This  effect  raried  froa  a 
27  pereest  deeroase  fc^  the  301  stainless  steel  to  a  3  percent 
deeroase  fes*  tbs  5A1~2  1/2  Sn  titanium.  Since  the  yield  strength 
were  not  significantly  sffected  by  oryc^enic  irradiation,  it  a^^joers 
that  the  effeet  of  cryogenie  irradi.-'‘.ion  is  to  aoverely  the 

eisount  of  plastic  defonsation  the  saapl'-  ,  can  sustain  after  yield 
aisi  p:io3:  to  fx*aotur9.  Elongation  asasx^es&ants  and  optioal 
exaBimti^,  which  will  be  ^de  lis  soon  as  the  sasples  can  be  hailed 
are  expected  to  Isi^  further  support  t®  this  tbssry.  Hotoixd  t@ssik> 
tests  showed  that  smll  amounts  of  «^^iltle^nt  o^urr^  in  3Ci 
stainless  eto®!  after  sryogjaic  irradiatioa,  while  tbs  310  stainless 
steel  showed  no  eahrittleiaent.  It  is  believed  that  this  co^ition 
results  fr(£i  a  radiation  inc)uc®d  solid  state  pixse  tramifcrmti^ 
of  ax^tanite  to  tlK  Eca*e  brittle  aartonsita  in  tix  301  stain- 

loss  8t®«l.  So  Btaoh  ta'ansfcTEation  eoeurs  in  ty^  310  stsiciees 
steel.  The  welded  Joint  tests  shewed  significant  decreases  far  ths 
310  stalnlass  steal  and  5A1-1  1/2  Sn  alloy,  but  ths  reasom  for  thic 
bebayicr  snst  await  detailed  exeainatirai  of  the  saaplsa.  A  final 
report  will  b®  isswd  after  radioaotiTe  decay  in  tbs  saaples  hag 
reached  a  point  wbaro  tbs  aasples  can  b®  stiriis^  visually. 


lisdes  Bo, 


134 


GDA 


nkmam  RB5BARCs_mJF^_smaa[ 

I  I^eb  1961  to  1  Sepieaber  1^1 


Matsriila  for  Crjogenio  Teaporatores 

Stainleaa  Staela  301,  3Qi,  310,  tH  355 

Alloys  20U-T6,  5052-H38,  5456-534 
Titanltffl  Alloyn  Tl-5Al-2,5  Sc,  Ti-6Al-4? 

A  Study  of  Crack  7  j.tiatioc  acd  Propagation  at  Gryogaalc  Teaparat taros . 
REA  111-S(207 

1.  To  dsvslop  a  taat  that  roaults  in  a  saasitiv*  asastrs^nt  cf  the 
ability  bS  sheet  caterials  to  resist  initiation  and  propagation  at 
eryogecic  teaperatares. 

2.  To  stony  isechanisas  of  sraok  Initiation  and  propagation. 

A  ▼iauir':  ofyostat  was  desigaad  to  aeccaodats  19^  x  38^  oenter 
notched  crack  propagation  epeeiii^ns.  A  cryostat  for  4*^  x  10” 
spcciieens  was  fatffioat^^  aisl  is  now  in  sarrlce. 

The  sssall  4”  z  10”  sentsr  cstched  spsoiasn  has  dosigoad  to 
sv^l^eat  data  ob^S^d  with  the  larger  spscimns.  To  data, 

10  lasrge  spociirans  aisl  50  eaall  spseimns  bava  bean  tasted  at 
rooa  t^^erators,  and  24  h&vo  bean  testad  at  ->320<¥. 
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goa-?«rroQ3  Hstals 


EMagjto: 


Almiata  AUoyat  5053.,  50^,  5154 
Tit&iilia  Aiioyf  t  Ti-5Al-^.5  Sa 
Iteksl  *llsy£:  K-^JJsael,  Efestellegr  B 

Cobalt  Allays  Hayaas  25 

Stainloea  Stsolfls  IS  355  CRT,  A-2S6 

Effoet  of  Csyi^oBio  Tbaporatisrea  oa  tbs  l^ebealeal  I^(^>8rtl@s 
of  High  StroE^fth  Ifos-ferroos  Shoot  Alloys 

REA  6(m 

To  dotaralao  tho  offeat  of  extraata  sttbsero  t^sporattiree  oa 
the  toi^lle  propartiM  of  selootad  Boa^'farrous  alloys 
notobso  asa  aaaotohad  eofidltioa. 


Alloy  AHOAT  titasitai,  vhieh  poesesses  oxeellest  vsld^bility 
aad  oorrosioB.  roaistaMo,  was  found  to  bsTo  atren^h/doBsi^ 
obaraatoristios  about  sqs»l  to  extra  full  bard  type  301 
stainless  steel  at  78<?,  b\xt  at  >^423^  this  ratio  for 
titanl«aa  axeeeded  that  of  tbe  stainless  steel  by  about  25 
peroent.  fbis  suggeeta  weight  saxit^  of  25  psreent  when 
the  low  tcBiparattxre  properties  of  this  alloy  oan  be  used  as 
the  basis  of  design  allowables.  Tbeee  faxorable  low  teapeu^- 
ttire  properties  were  aoccsipanled  by  good  ootobed/inmotobsd 
tensile  ratios  (a  criterion  of  roaistaaoe  to  harittle  fraetis^) 
and  weld  joint  efficienoiaa  considerably  in  excess  of  ^ 
percent  at  all  subsero  teapsra tures .  At  elexated  teaperc** 
tures,  this  alloy  loses  its  strength  at  temperatures  in 
excess  of  600<T.  Recoraaended  future  studios  of  this  alloy 
iisclude  lew  teiq^erat-us^  axial  fatigue  testi’  of  welded  Joints, 
oorrelatita  of  interstitial  alloy  content  with  low  tempera¬ 
ture  properties,  and  effeets  of  cold-rolling  on  yielo  and 
tensile  strezsgth. 


Alloys  ffeynsB  25,  20  percent  cold-roiled  and  Ifestelloy  B, 

40  percent  cold-rolled,  shew  promise  for  liaited  applioatioa 
where  combinations  of  good  low  ai^  high  temp>arature  properties 
are  required.  These  alloys  retain  sost  of  their  atrei^th 
and  exMbit  good  oxidation  resistance  at  toBp>sratares  of 
i4O0®F,  and  also  bar®  go«3  low  t^speratur®  properties, 
althoi^h  their  higher  densities  causes  then  to  display  lass 
favorable  strsngth/dessity  ratios.  This  eo^ination  of 
properties  suits  thss  for  liaited  applisatiois  in  suifacea 
of  cryogenic  prepoUant  tanks  that  s&j  S2peri®i»e  exosssixe 
heatii®  during  any  pjsrtion  of  tbs  flight  profile. 
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figSliAtg  (contlnusd) 

Alloy  E-ModbI  in  tbs  age  hardened  oosditioa  was  found  to 
reaain  tough  at  -423 in  spit*  of  the  pressnes  of  an 
inteTBstallic  coapouad  (Rlx  (Ti2Al)T  )  precipitated 
during  heat  treat^nt.  This  alloy  ia  suited  to  applioations 
requiring  a  soft,  foTBieble  material  that  can  be  dratm  into 
intricate  shapes  such  as  liquid  oxygen  and  liquid  hT^cgen 
sanifolds,  ueldsd,  and  than  strengthened  by  a  low  te^»ratur« 
(i.a.,  nosdistortiis)  i»at  trea^assnt.  "ms  ravcrabiis  lew 
tsBjwra*'”’'***  nf  thir  '~**ru~'**~  st'v^y  cf 

higher  strength  nickel  base  alloys  utilizing  the  sa^ 
ha^ening  sechanisB  such  as  Inconel-I,  Rene'  4l>  and  R-235. 

/Ithough  aluaiznsa  alloy  5052-H38  exhibited  the  beat  cos^ 
bination  of  high  tensile  strength,  and  high  notobad/i^- 
notohed  tensile  ratio  of  the  ^000  series,  this  alloy  class 
was  found  to  e:diibit  a  sark^  decrease  in  toughness  between 
•320<7  and  -423<?.  This  ootsiition  was  associated  with  a 
aderoatr'oettn^  eontaini:^  large  ioslusicns  which  acted  as 
strees  raisers.  This  condition  suggested  the  daTalopetent 
of  a  "ozTogenie  alloy"  whish  could  be  nede  inolusion  free 
by  Bsans  of  inert  atBosphore  rasltixsg,  use  of  high  purity 
alloying  cleisents,  and  ultrasonic  treatesnt  during 
solidification.  It  is  believed  that  an  alloy  of  this  type 
would  exhibit  excellent  low  t^i^rature  toughness. 
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Stainleas  Sto«ls 

3tainl«M  SUoia  I^pa  301,  301H,  302  ,  304  BLC,  310. 

A  Sttaiy  of  ths  Sff«ot  of  Cryogsnie  Teap«rattir«8  on  the  Msobanioal 
Properties  of  Cold-Uork^  Stainless  Steel  Sheet. 

REA  111-9009 

To  dstersdna  the  effect  of  estreas  snbsero  t^aparatures  on  the 
notebed  a«d  vnmotch»d  tensile  properties  of  selected  oold-work^ 
stainless  steel  sheet  tdlo^s. 

The  i^b&nlcal  properties  of  a  series  of  cold-rolled  austenitic 
stainless  steals  were  detarainsd  at  78,  -100,  -320,  and  -^3^F* 

Saaplss  essBlnsd  included  saooth  base  sstal,  notched  base  natal 
(stress  oonosntration  factor,  Kt^.3),  and  haliarc  butt  welds. 

The  axial  fatiEua  properties  of  coap^.ex  welded  joints  are  in¬ 
cluded  for  purposes  of  discussion.  The  n^'tobed  saaples  were 
incltided  in  this  stiidy  for  the  purpose  of  neasurin^  notch 
sansitivlty,  which  is  a  criterion  of  tendency  toward  brittle 
failure,  Hicrostruotural,  x-^^  diffraction,  and  aagnetic  studies 
were  conducted  to  study  tte  aeobanisa  of  deformation  at  cryogenic 
tai^ratures  and  to  relate  properties  to  Bieroetructure.  The 
steels  listed  were  stvdl^  in  tLo  following  teopers: 

AISI  Type  301  40-,  50-,  60-,  and  80-  percent  cold  rolled 

AISI  Type  301-S  ^-percent  cold  rolled 

AISI  Type  302  40-  and  60-  percent  cold  rolled 

AISI  Typa  304  ELC  50-percent  cold  rolled 
AlSi  I^Tpe  310  40-,  60-,  and  75  percent  cold  rolled 

Ttetse  studies  showed  that  austenitic  stainleas  steels  of  AISI  types  301, 
302,  304ELC,  310,  and  301-H  exhibit  ^chanical  properties  between  78  and 
-423®  F  that  8ire  aicroatructure  dependent,  and  the  dependence  of  this 
aicrostructure  on  chemistry,  temperature,  tensile  stress,  and  prior 
defoTBation  is  in  general  accord  with  previov®  inTsstigations  which 
have  aeasured  the  effects  of  each  at  these  variables  on  structure,  or 
B«re  specifically,  the  austenite-to-Bartensite  tronsfoTBation,  Ibe 
behavior  of  fully  stable  alloys,  such  as  AISI  type  310,  at  cryogenic 
tsaporatures  is  in  accord  with  the  generalized  b^avior  of  face-cantered 
cubic  metals.  This  behavior  includes  the  retention  of  toughi^ss  at 
low  teaperatures  (i.e.,  high  notched/unnotched  tensile  ratios)  ai^ 
aoderata  ineroases  in  yield  ajjd  tensile  strength  with  decreasing 
temperature  for  cold-worked  teapers,  Tl»  behavior  of  the  unstable 
alloys  ab  cryogenic  temperatures  is  dependent  upon  the  aaoimt  and 
coatposition  of  aartenaite  focnaed  during  both  cold  rolling  at  rocs 
tsaperature  and  tensile  testing  at  cryogenic  teaperatures. 
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Rg^ulte  f^.&onp:i.WslQflS ;  (continued) 

Increasing  amovints  of  martensite  generally  act  to  increase 
tensile  and  yield  strengths  and  decrease  toughness  at  any 
given  temperature,  although  the  magnitude  of  these  effects 
is  strongly  dependent  upon  interstitial  (i.e.,  ceurbon  and 
nitrogen)  content.  Ihus,  type  304ELC  forms  l^ge  amounts 
of  martensite  during  tensile  testing  at  -320°F,  yet  retains 
good  toughness  (notched/unnotched  tensile  ratio  of  1.04) 
due  to  its  low  carbon  content  (0.023  percent).  Type  301-N, 
which  undergoes  transf orBation  during  tensile  testing  at 
-320°  F,  yet  retains  good  toughness  (notched/unnotched 
tensile  ratio  of  1.04)  due  to  its  low  carbon  content  (0.023 
percent).  Typo  301-R,  which  undergoes  transformation  during 
tensile  testing  at  -320®F,  displays  much  more  brittle  behavior 
than  type  301  duo  to  its  high  interstitial  content  (0.13 
percent  nitrogen  and  0.10  percent  carbon).  Alloys  ccemonly 
regarded  as  stable  at  78of  (e.  g.,  tyj/e  302)  are  subject  to 
the  auBtanite-to-aartonaito  transformation  at  -320  and  -4230?, 
with  resulting  brittle  behavior  as  n»asured  by  low  notched/ 
ismotebed  tensile  ratios.  The  magnitude  of  this  effect  is 
dependent  upon  the  degree  of  cold  work  at  room  temperature 
prior  to  tensile  testing  at  low  temperature.  Generally, 
an  optimum  degree  of  cold  work  aziats  (such  as  60  percent 
in  type  301)  which  yields  aaxlmim  toi^hw/sa  during  tensile 
testing  at  low  temperature. 

The  notohsd/unnotohed  tejsaile  ratios  i»re  found  to  corrslat®  with 
the  Duafcer  of  cycles  to  failure  in  axial  fatigite  testa  of 
ooaqjlex  wold  joints  in  types  301,  301-®,  and  3IO  cold-rolled 
60,  65,  and  75  percent,  respectively.  Kiis  correlation  in¬ 
dicates  that  the  relatively  inexpensive  notohed/unsotcbed 
tensile  test  may  bo  used  to  predict  the  fatigue  behavior  of 
cosplsx  welded  joists,  and  thus  greatly  reduce  the  need  for 
costly  and  tiae-consuaiag  fatig\»  testa  of  complex  joints. 

Aa  a  result  of  this  study,  types  301,  304ELC,  and  310  were 
found  to  exhibit  tbe  aast  prosdse  for  oryogenic  application 
whore  high  strength,  good  weldability,  and  resistance  to 
hrlttl®  failure  eira  required.  Type  3OI  offers  tb®  highest 
strength  for  a  given  degree  of  sold  work,  but  exhibits  8oa» 
tesieneies  toward  brittle  failure  at  -423®F.  Type  310  offers 
maxinuB  resistaaee  to  brittle  failure  at  cryogenic  tespmratures 
bat  has  a  slightly  lower  strength  than  type  301,  Type  304ELC 
psossesses  good  resistance  to  brittle  failure  at  low  tengjarature, 
but  the  touglsiesc  varies  widely  within  the  allowable  obeaistry 
range  of  this  oo3px>sition  so  that  additional  work  is  required 
io  deflna  lioceptabls  coaqposition  limits  for  3Q4KLC. 
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Ib  msy  eases  tha  taesils  aad  ylelii  isereasea 

uit&  Pereas  lag  t^s^perattsre  uhlla  the  tcmghxtsss,  as 
aeasts^  by  aotoh©a/Bas»toh*d  tsBeiXs  vatios,  remised 
mlforsaiy  Mgh,  This  o<aBblmtloa  ef  eff&eta  missises 
tbs  adraatago  of  usii^  tbs  laeraased  letii->t^)9rature 
jToj^rties  as  tbs  basis  of  dosign  alleuables  is  those 
oases  ^{beere  tbs  strostsre  is  subjested  to  i^aziam  stress 
oalj  while  at  low  tsa^Aratore.  This  deaigB  s‘jiss]ept  offers 
possible  weight  sarla^  of  up  to  40  where  it  is 

applioable. 
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T^iod  t  1  J&reh  1961  to  1  Septenber  1961 

M^jsrlsl  Physical  Properties  of  Metallic  Materials 

ClagglfiofttlPOi 


Stainless  Steels  303,  321,  and  Copper. 


Title; 


fiTQiegt  &?. 


Measuresaant  of  the  Elastic  Properties  of  300  ^ries  Stainless 
Steele  at  Gryogenic  Tsaperatia^s  by  Ultrrsonio  Techniques 

REA  111-9108 


Qld».jltiyat 


figgalte 

aM 


To  establish  techniques  for  Bseasuring  alcstic  constants  of 
®aterial8  by  ultrasonic  guise  techniovas  over  a  broad  range  of 
frequency  applied  stress  asd  teaperature.  Particular  eapduisis  ia 
to  be  placed  on  the  ability  to  Bake  such  Beasureaents  of  extreoe 
svib-sero  tes^)eratta:e . 

Pulsed  high  frequency  sound  waves  have  beer  used  to  oeasure  the 
velocity  of  sound  propagation  in  sffitals.  Frequencies  used  were 
2,25  to  10  aegacyelea.  The  longitudinal  and  ahewr  wave  velocities 
are  then  used  to  calculate  th©  elastic  constants  of  the  aaterialr. 
Types  303  «nd  321  stainlesB  steel  and  copper  have  bean  investigated. 
Results  indicate  a  low  ta^»rature  maziJwa  in  ti»  longitudinal  wave 
velocity  of  321  stainless  steel.  Bo  difference  was  observed  ic  ^ 
longitudinal  wave  velocity  b&tween  303  and  321  j  bataesmr,  ^  «ii«>og 
wave  velocity  of  303  was  higher  than  that  of  321 » 


U1 
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Keob&sioal  at  IfetelliiS  i^t«risle 

Mim'UlSit  StAlalea*  S*»*l8J  ^1,  302  ,  304.  ELC,  310 

Tltilas  A  Stodj  cf  At28t«Blt4  Daoce^xjsltion  at  Cryogaido  TtsapBratures 

jegQjgfttia.  sap  112-^19 

Cfej^att  To  detsnalaes  tb@  affsots  of  extr«B»  subsero  taaporatore  i3^)on  the 

towghgaas  of  eold-worked  staioless  stools  asd  to  oorrolate  thoss 
•ffoots  vith  ofaangos  obsecnrod  in  th«  aierostruotors.  Parti=r:l=r 
attsatlon  is  diroetod  touard  &n  oadorstanding  of  ths  ririiui'AB 
oon^ollinf,  ths  austoaite  to  aartensits  solid  stats  t^uubs 
traaafcir»atioii  ia  stainlsss  steals. 

Rsanlta  aad  The  costenite  to  Bartsnsito  solid  stats  phase  transfcsrsation  In 
Coaalgffiig!./?  i  ths  300  series  sBstsnitio  stainless  steels  was  studied  error  the 
tenpsrat^ra  range  of  76^F  to  -423  ®F*  The  priaaxy  Tariables 
ooctroUi;^  this  tra^sfotraetion  are  teaparature,  plastic  strain, 
and  eheaioal  ooeposition.  Coasoqusntljr,  tes^ratore  effects  were 
stxidicd  bjr  8»a0ara*i©at«  at  78®,  -100®,  -320®,  and  -423®F;  plastic 
stirain  was  controlled  b?  cold-rolling  the  alloTs  Tarrlag  aaouats 
between  40  and  80  percent;  and  ohesioal  oosaposltions  were  varied 
bj  using  301,  302,  304  ELC  and  310  stainless  steel  allp7s  which 
eadiibit  varyir^  degrees  of  austenite  stability. 

A  significant  portion  of  this  work  was  devoted  to  the  development 
of  a  satisfactory  technique  of  measuring  the  nartensite  content  of 
a  given  sai^e.  After  iOTestigating  magnetic,  metallographic, 
x-ray  diffraction,  and  density  tochniqws,  a  rapid  and  accurate 
nagnetio  BSthod  was  developed.  Using  this  teohniqvm,  the  martensite 
contents  of  various  alloys  were  correlated  with  several  ssechanioal 
properties  incliiding  yield  and  ultinate  tensile  strength,  elongation, 
and  notched  tonsils  strength  (Kt"6.3).  The  yield  and  tensile 
strengths  generally  increased  with  increasing  seurtensite  content, 
as  expected,  but  no  correlation  was  observed  between  elongation  and 
nartensit®  content.  The  notched/unnotchod  ratio  (Kt“^*3)  at  -423®F 
exhibited  a  saximua  at  about  6$  percent  E^'tonslte.  This 
was  associated  with  a  baluce  between  toughness,  as  js'onoted  by 
st.rain  stabilised  austenite,  and  enbrittlenent;  as  pre^oted  by 
excessive  conversion  to  Bartensit®.  Atteapta  to  oorre.ate 
austenite  stability  (as  n^asured  by  the  teaperature)  with  both 
resulting  froa  tensile  testing  were  generadly  unsuccessful  beoatme 
the  variable  of  cold  work  could  not  ba  separated.  As  a  result, 
only  a  generad  correlation  of  these  varicblea  was  obtained. 
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amjSlLAaa  (continued) 

CoacliaAoiMii 


Certain  of  those  allojs  exhibited  serrated  atresa-etrain  diagrams  when 
subjected  to  tensile  tests  at  -4230?,  The  thernal  instability  theory 
which  has  bean  adyanced  to  cocplain  this  behavior  was  invest igated  by 
controlling  strain  rate,  thiokBass,  cooling  b^Iisb,  and  oheBical 
coz^sitlon.  Higher  strain  rates,  thicker  sei^les,  and  gate  cooling 
(at  'i423°F)  ware  expected  to  cause  these  sasples  to  exhibit  more 
serrations  in  accordance  with  this  theory.  The  first  two  variables 
had  either  no  effect  or  the  opposite  effect  to  that  expected  on  the 
number  of  serrations,  while  gas  cooling  gave  significant  increases 
in  the  ntaiber  of  serrations.  In  view  of  these  conflicting  data  and 
circuBstantial  evidence  derived  froa  tensile  tests  on  73  percent  cold- 
rolled  310  stainless  steel  and  80  percent  cold-rolled  301  where  no 
serrations  ware  observed  in  either  case  (310  is  full  stable  under  all 
conditions  of  low  teiq^ature  and  cold  woi^k,  while  the  80  percent 
cold-rolled  301  was  100  ^rcent  sartensite),  it  is  believed  that  the 
Beohanisa  of  def  arnation  acootating  for  the  observed  serrations  in 
this  particular  alloy  class  is  the  discontinuous  occurrence  of  the 
austenite  to  naurteissite  reactions.  It  is  also  believed  that  the  sudden 
shear  type  foraation  of  sartensite  caused  the  drops  in  load  due  to  the 
greater  volxaaa  of  the  aartensite  phase  which  noieentarily  released  the 
load  on  the  speciosn.  Tbs  tbersal  instability  Bachanisa  Esay  act  as  a 
second  order  effect  in  paroaoting  the  fors^tion  of  serrations. 

A  (111)  pole  figure  of  austenite  in  a  cold-rolled  301  stainless  steal 
was  prepared  in  an  atteapt  to  further  investigate  direotlcmality  as 
exhibit^  by  both  B»ohanical  properties  and  maiber  of  serrations, 
field  strength  was  ccnrelated  with  this  pole  figure,  but  iiltixute  end 
notched  tensile  strei^hs  ware  not.  The  latter  two  properties  are 
presused  to  Im  sore  dependent  vptm  the  aartensite  oriestation  rather 
than  the  austenite  orientation. 
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materi/ils  research  project  summary 


Period}  1  September  I96I  to  1  March  1962 


Material 

Clagslf icHtloni  Materials  for  Cryogenic  Applications 


Materials; 


TiUe} 

Pro  lect  No  I 
Ob.^ectivet 


Carrent 

Status} 


301,  304,  and  310  stainless  steel;  2014-T6,  2219-T81,  and 
5456-8321  aluminum  alloys!  and  5Al-2-5Sn  Titanium  alloy. 

Crack  Propagation  at  Cryogenic  Temperatures 

REA  111-9302 

To  determine  the  resistance  to  brittle  fracture  of  several 
sheet  alloys  at  cryogenic  temperatures* 


The  test  program  includes  the  determination  of  Kc  and  Gg 
from  78®  to  -423°F  of  parent  metal  and  fusion  welded  301,  304  ELC, 
and  310  stainless  steels;  2014-T6,  2219-T81,  and  5456-H321 
aluminum  alloys;  and  5Al-2,5Sn  titanium  alloy. 

Modification  of  the  liquid  hydrogen  cryostat  for  testing  of  the 
4"  wide  crack  propagation  specimens  has  been  completed,  and  the 
cryostat  for  19"  vide  specimens  is  being  prepared  for  testing* 

Twenty-two  crack  propagation  specimens  have  been  tested  at  -423®F 
during  the  first  two  months  of  this  year. 
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MODEL 


1.0  Index  Code  . .  (Alc-3)(VI-c) 


2.0  Title  -  T.R.  No.  913-209,  Chen-Milling  of  Cast 
Aluninun  Alloy. 


3.0  Objective  -  To  investigate  and  establish  conditions  for  satis¬ 
factory  renoval  of  metal  fron  aluninun  alloy  castings  by 
chemical  and/or  electro-chemical  methods.  A  satisfactory  chem- 
milling  technique  would  allow  use  of  thinner  cast  sections, 
resulting  in  weight  savings.  The  scope  of  this  test  program 
includes  the  following; 

a.  Determination  of  electro -chemical  method  of  metal  removal 
that  gives  a  satisfactory  surface  finish  by  varying  the 
following  parameters: 

1.  Temperature  of  solution 

2.  Solution  composition 

3.  Current  density  and  distribution 

4.  Electrode  configuration 

5.  Metal  removal  rates. 

b.  Determination  of  the  amount  of  metal  removed  and  removal  rate. 

c .  Determination  of  the  maximum  amount  of  metal  that  can  be 
removed  satisfactorily. 

d.  Visual  observations  of  the  etching  characteristics  (e.g., 
cavities,  porosity,  surface  finish) . 

4.0  Status  and  Results  -  Chem-milling  of  cast  aluminum  surfaces 

using  a  solution  consisting  of  ferric  chloride  and  nitric  acid 
with  sulfuric  and  phosphoric  acids  as  hydrogen  ion  replenishers 
gave  linsatisfacuory  milling  rates  and  surface  finish.  It  has 
been  found  that  hydrofluoric  acid  will  replenish  the  hydrogen 
ion;  however,  furtjier  tests  are  necessary  to  determine  the 
effect  of  hydrofluoric  acid  on  milled  surfaces. 
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Index  No.  103 


2.0  Title  -  T.R.  No.  513-250,  Evaluation  of  Resistance  and 
Radiant  Heating  Methods  for  High  Temperature 
Tensile  Testing. 


3*0  Objective  -  High  performance  .eiircraft,  missiles,  and  space 

vehicles  must  withstand  extremely  high  temperatures  resulting 
from  aerodynamic  heating.  Reliable,  short  time  elevated 
temperature  tensile  data  is  required  for  design  of  these 
vehicles.  The  intent  of  this  test  program  is  to  evaluate  and 
compare  the  results  of  elevated  temperature  tensile  tests  using 
self  resistance  and  radiant  heating  methods.  A  comparative 
evaluation  of  test  data  obtained  will  be  used  as  a  future 
g>aide  in  selecting  a  method  of  heating  for  developing  elevated 
temperature  tensile  data.  Elevated  temperature  tensile 
properties  will  be  detemii.ned  for  HM21-T81,  Type  321  stainless 
steel  and  Inconel  X  at  TOO^F,  1200°?  and  1600Of 

^.0  Status  and  Results  -  This  test  program  is  in  the  final  stages 
of  completion.  GeneraLly,  the  test  data  indicates  that  the 
self  resistance  heating  method  resulted  in  more  erratic 
tensile  data  than  that  obtadned  when  using  a  radiant  heating 
method . 
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1.0  Index  Code  .  (FeUH-5)(l-e, f ,h,k)(VI-a,h,o) 

2,0  Title  -  T.R.  No.  513“289,  Evaluation  of  Vasco  Max  250 
(l8^  Nickel  Steel). 


3.0  Objective  -  A  newly  developed  ultra-high  strength  steel,  Vasco 
Max  25c  exhibits  the  following  favorable  characteristics; 

(a)  useful  high  yield  strengths  to  25O  KSI  associated  with 
exceptionally  high  ductility  and  superior  toughness;  (b)  good 
stress  corrosion  resistance;  (c)  relatively  siraple  (9OOOF 
temperature  for  three  hours)  hardening  treatment.  It  is 
necessary  to  determine  the  fabrication  characteristics  and 
verify  the  mechanical  properties  of  this  alloy  steel.  The 
scope  of  this  evaluation  will  include  detenni.notion  of  the 
following: 

a.  Tensile  properties  at  room  temperature. 

b.  Tensile  properties  at  elevated  temperatures  of  600°?, 

9OOOF  and  1200°?. 

c.  Notched  tensile  properties  at  ixiom  temperature. 

d.  Stability  after  exposure  of  pO  hours  and  100  hours  at  900°f. 

e.  Heat  treating  characteristics. 

f.  Weldability  -  automatic  tungsten  inert  gas  process. 

g.  Formability  -  minimum  bend  radius,  uniform  elongation 
at  room  temperature,  and  rubber  forming. 

h.  Impact  properties  at  room  temperature,  -110°F.  and  -320°P. 

i.  Hardness  after  room  and  e.levated  temperature  tensile 
tests  and  after  stability  tests. 


^^.0  Status  and  Results  -  This  test  program  will  begin  upon  receipt 
of  the  Vasco  Max  250  sheet. 
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Index  No.  105 
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10  July  1962 


ST.  LOUIS,  MISSOURI 


Index  Code 


litle  -  T.R.  No.  513~271,  Evaluation  of  AMS  ^775  Nickel  Braze 
Alloy  Shear  Strength  in  Tee  Joints  with  Wide  Root 
Openings. 


3.0  Objective  -  Dat-a  relative  to  the  effect  of  joint  clearance  on 
the  shear  strength  of  tee  joints  made  using  AMS  4775  brazing 
alloy  are  not  available  in  the  literature.  Consequently,  the 
objective  of  this  test  program  is  to  determine  the  shear 
strength  of  tee  joints  brazed  with  AMS  ^775  braze  alloy  when 
■^illeted  with  unusually  wide  clearances.  The  ecope  of  this 
evaluation  will  include  ttie  foIJLowing: 

a.  Inert  gas  retort  brazing  of  321  stainless  steel  tee  joints 
with  fillet  clearances  ranging  from  0.002"  through  0,100". 

b.  Determination  of  actual,  overlap  and  clearance  joint 
parameters . 

c.  Shear  strength  of  brazed  tee  joints. 


Status  and  Results  -  The  test  work  has  been  completed  and  the 
final  test  report  is  being  written.  Te.st  results  indicate  that 
strength  of  tee  joints  iJith  O.OlO  inch  clearance  are  9?^  of 
those  with  0.002  inch  clearance.  Joints  with  0.020  inch 
clearance  ai*8  only  80^  as  strong  as  joints  made  with  0.002" 
clearance. 
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1.0  Index  Code  .  (FeAH-2,3)(l-i)(lV-&)C>e) 


2.0  Title  “  T-R.  No.  513-202,  Low  Temperature  Brazing  of  Stainless 
Steel. 


3.0  Objective  -  To  investigate  88^ 'Ag-7^  Cu-5^  Li,  7^^  Ag-23.5  Al- 
2.5  Li,  Ar.-3U^  Ga  alloy  compositions  for  brazing  age 
hardening  stainless  steels  PH15-7  Mo  and  17-7PH  at  temperatures 
below  the  aging  temperature  or  after  completion  of  hardening 
heat  treatment.  The  latter  brazing  sequence  would  be  ad¬ 
vantageous  for  repair  brazing  of  honeycomb  sandwich  structures. 
Satisfactory  brazing  materials  and  techniques  will  have  to  be 
developed  before  elevated  temperature  shear  strength,  room 
temperature  ductility  properties,  corrosion,  oxidation,  and 
thermal  stability  characteristics  can  be  determined. 


4.0  Status  and  Results  -  Preliminary  test  results  indicate  the 
following: 

a.  Brazing  filler  metal  composition  of  38^  Ag-7^  Cu-5/&  Li 
melted  at  a  temperature  of  approximately  1200*^. 

b.  The  74^  Ag-23.5  Al-2.5  La  composition  showed  no 
evidence  of  melting  up  to  temperatures  of  1750°F. 

c.  The  66^  Au-34^  Ga  sets  hard  in  approxi.mately  20  minutes 
at  room  temperature. 

The  results  obtained  to  date  have  not  been  encouraging  and  the 
program  has  been  terminated. 
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1.0  Index  Code .  (FeAH-3)(l-l.k) 

2.0  Title  -  T.R.  No.  513-270,  Overlap,  Clearance,  and  Specimen 
Width  of  Brazed  PH15-7Mo  Joints. 


3*0  Objective  -  Because  of  inadequate  and  unreliable  overlap, 
clearance,  and  specimen  width  design  data  for  brazed  metal 
lap  Joints  of  PH15-7Mo  thin  sheet  materials,  it  is  necessary 
to  determine  the  parameters  that  ]froduce  maximum  Joint 
strength.  The  scope  of  this  test  program  includes  the 
following: 

Phase  I  -  Optimum  Overlap 

a.  Braze  panels  using  overlaps  of  It  through  15t(maiii- 
tain  a  clearance  of  O.OO3"  and  overlap  tolerance 

of  +  l/^t  ) . 

-  0 

b.  Select  optimum  overlap  based  upon  maximum  Joint 
stress  of  brazed  specimens  tested  in  shear. 

Phase  II  -  Optimiim  Clearance 

a.  U'ing  overlap  selected  from  item  (b)  above,  braze 
panels  using  Joint  clearances  from  0  through  0.010". 

b.  Select  optimum  clearance  based  upon  maximum  Joint  stn.  3S 
of  brazed  specimens  tested  in  shear. 

Phase  III  -  Optimum  Specimen  Width 

a.  Using  optimum  overlap  and  Joint  clearance  determined 
in  Phases  I  eind  II,  braze  panels  with  specimen  widths 
of  1/4",  1/2",  1"  and  2". 

b.  Select  optimum  specimen  width  based  upon  maximum  Joint 
stress.  Determine  the  shear  strength  of  optimum  brazed 
joints  at  room  temperature  and  800°F. 

In  order  to  minimize  atmospheric  contamination,  a  pressure 
of  less  than  1  micron  shall  be  maintained  during  the 
brazing  cycle. 
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otatus  and  Res\ilts  -  The  results  of  tests  on  overlap  sjKiciaiens 
indicates  that  Joint  strength  increases  with  increasing  over¬ 
lap  widths  up  to  15  times  the  material  thickness.  However, 
the  ultimate  shear  stress  of  joints  appears  to  be  at  a  naxl?num  for 
overlap  widths  of  5  times  the  material  thickness.  Future 


test  work  will  be  performed  to  determine  optimum  clearance 


and  specijnen  width. 
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1.0  Index  Code  .  (Ti-7)(l-e,l,k)(VI-a,e,l) 


2.0  Title  -  T.R.  No.  5^3"295*01,  Fabrication  Characteristics  of 
8A1-1Mo-1V  Titanium  Sheet* 


Objective  -  8AI-IM0-IV  is  one  of  the  three  "super  alpha"  alleys 
being  produced  under  the  DOD  titanium  sheet  rolling  program. 

It  would  be  highly  advantageous  to  obtain  preliminary  mechanical 
properties  data  and  fabrication  characteristics  of  this  titanium 
"super  alpha"  alloy  and  thereby  permit  early  usage  of  this  alloy 
in  new  design  applications.  The  scope  of  this  evaluation 
includes  determination  of  the  following: 


a.  Hardness  and  tensile  properties  at  room  temperature  of  0.025 
and  0.063  annealed  (as  received)  sheet. 

b.  Uniform  elongation  tests  at  400°F,  800°F,  1200*^  and  lU00°F. 

c.  Minimum  bend  radius  and  springback. 

d.  Contour  flange  forming. 

e.  Dimpling. 

f.  Hardness  and  tensile  propierties  of  TIG  fusion  welds. 

g.  Hardness  and  shear  strengths  of  resistance  spot  welds. 

h.  Hydrogen  pickup  resulting  from  requ  -ed  chemical 
cleaning . 
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8Al-llto-lV  Titanium 


DATE 


PAGE  _ 


10  July  1962 


MCO€^I^NEL.l. 

ST.  LOUIS,  MISSOURI 


Status  and  Results  -  This  test  program  has  been  initiated. 
k  tabular  summary  of  test  data  obtained  to  date  is  presented 
below. 


Tensile  Properties 


Material 
Grain  Thickness 
Direction  Inch 


Parallel 


0.022 

0.063 


.022 

.063 


Parallel  0.022 


Perpendicular  0.022 


Parallel 


Parallel 


0.022 


0.063 


Ultimate  Tensile 
Strength,  KSI 


^  Elongation 
In  2  Inches 


148.0 

l»t3.0 


143.0 


Elongation,  8  Inches 


Uniform  Total 


3.0  6.5 


1.0  4.0 


Minimum  Bend  Factor 


3t 


3t 
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1.0  Index  Code .  ('Ii-6)(l-k) 


2.0  Title  -  T.R.  No.  513-300>  Effect  of  Hot  Forming  on  the  Tensile 
Properties  of  Aged  Titanium  Alloy  Ti-13V-llCi'-3Al 
(B120  VGA). 

3.0  Objective  -  B120  VGA  titanium  alloy  is  presently  being  used 
in  the  solution  treated/annealed  condition.  Hot  forming  of 
channel  parts  has  also  been  performed  at  temperatures  of 
1080°f  to  llOO^F  for  approximately  25  minutes.  These  hot 
forming  temperatures  are  within  the  aging  temperature  range  for 
this  titanium  alloy  and  it  becomes  necessary  to  compare 
the  tensile  properties  of  B120  VGA  for  the  following  conditions: 

a.  Hot  formed  without  further  thermal  treatment. 

b.  Hot  formed  and  subsequently  aged  at  900°f  for  60  hours. 

c .  Unformed  and  aged  at  900^  for  60  hours  from  the  solution 
treated/annealed  condition. 

k.O  Status  and  Results  -  The  test  work  has  been  compieteu  and  the 

final  laboratory  report  is  being  prepared.  Tensile  results  are 
presented  in  the  following  table. 
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Specimen 

Number 

25  Minute 
Hot  Sizing 
Temp.(°F) 

Age  Time 
At  900°F 
(Hours) 

Tensile 

Strength 

(KSI) 

Yield  Strength 
0.2$  Offset 
(I'ISI) 

Elongation 
In  ?  Inch. 
{1>) 

1 

- 

60 

197.5 

176.5 

11,0 

2 

- 

60 

196.5 

176.5 

8.0 

3 

1080 

0 

136.0 

131.0 

20,0 

h 

1100 

0 

133.0 

129.5 

22.0 

5 

noo 

60 

191.0 

171.0 

9.5 

6 

1080 

60 

192.0 

172.5 

0 

"Z 

The  test  data  indicate  that  hot  sizing  of  B120  VGA  titanium  aJ.loy 
at  or  near  1100'^.  slightly  decreases  the  tensile  strength  of  the 
alloy  after  subsequent  aging  at  9OOOF  for  60  hours. 
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2.0  Tit-le  -  T.R.  No.  513“280,  Examination  of  Electron  Beam  Meld 
Samples. 

3.0  Objective  -  Available  literature  indicates  electron  beam 

weldments  exhibit  100^  joint  efficiency  with  extremely  narrow 
heat  affected  zones.  This  welding  process  can  also  be  used 
for  mailing  blind  welds.  The  objectives  of  this  investigation 
are  to  validate  the  above  findings  and  to  determine  the 
metallurgical  characteristics,  hardness  and  tensile  properties 
of  electron  beam  welded  joints  in  Inconel  X  provided  by 
Hamilton  Electrons,  Inc. 


4.0  Status  and  Results  -  The  laboratory  test  work  has  been 
completed  and  the  final  report  is  being  prepared.  Test 
results  indicate  excellent  joint  efficiency  and  extremely 
narrow  heat  affected  zone  of  weldments  made  in  annealed  In¬ 
conel  X. 
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1.0  Index  Code  .  (Ni-4)(l-e,l,k)(VI-a.e.h.l,o) 

2,0  Title  -  T.R.  No.  513-241.01,  Evaluation  of  Inconel  718,  Age 
Hardenable  Nickel-Chromium  Alloy  (Phases  II  and  III). 

3,0  Objective  -  To  determine  the  mechanical  properties  and  fabrication 
characteristics  of  the  nickel-chromium  alloy.  Inconel  718.  The 
scope  of  this  test  program  includes  the  following: 

Phase  II 

a.  Tensile  property  deteminations  at  room  temperature  and 
1200°F  for  manual  tungsten  inert  gas  fusion  weldments. 

b.  Weld  patch  tests  for  manual  tungsten  inert  gas  fusion 
weldments . 

c.  Lap  shear  tests  of  resistance  spot  welds. 

d.  Cross  tension  tests  of  resistance  spot  welds. 

e.  Lap  shear  tests  of  tungsten  inert  gas  spot  welds. 

f .  Cross  tension  tests  of  tvingsten  inert  gas  spot  welds. 

Phase  III 

a.  Bending  for  minimum  bend  radius  and  spring  back. 

b.  Uniform  elongation  at  roam  temperature. 

c .  Dimpling . 

d.  Rubber  forming  characteristics  of  stretch  and  shrink  flanges. 

4.0  Status  and  Results  -  The  test  specimens  for  Phase  II  work  have 
been  made  and  a  mechanical  properties  testing  schedule  is  being 
set  up.  Phase  III  work  is  in  the  scheduling  state. 
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Title  -  T.R.  No.  513-296,  Initial  Evaluation  of  Brazeability  of 
Inconel  718  Nickel  Chromium  Alloy. 


Objective  -  Inconel  718  will  replace  Inconel  X  in  many  elevated 
temperature  applications.  Many  of  these  applications  will  require 
brazing  techniques  and  brazing  data  is  not  presently  available 
from  the  literature.  The  objective  of  this  program  is  to  investigate 
the  feasibility  of  brazing  Inconel  718  with  various  brazing  alloys 
as  determined  by  wetting  tests.  A  subsequent  investigation  will 
be  initiated  to  investigate  the  shear  strength  of  the  alloy,  or 
alloys,  selected  from  the  above  tests. 


Status  and  Results  -  The  final  report  is  being  prepared.  Test 
results  indicate  the  wetting  and  flow  characteristics  of  the 
nickel  base  brazing  alloys  are  superior  to  those  of  the  silver 
base  brazing  alloys  when  applied  to  Inconel  718. 
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1.0  Index  Code  .  (Nl-4)(l-l)(vi-b) 

2.0  Title  -  T.R.  No.  513-30^^  Shear  Strength  of  Brazed  Inconel  718 
Joints . 


3.0  Objective  -  The  new  INCO  nickel-chromium  alloy.  Inconel  718,  in 
being  considered  by  MAC  for  use  in  brazed  assemblies.  Further 
evaluation  of  CM52  and  CM56LC  nickel  braze  alloys,  selected 
as  being  most  feasible  filler  materials  for  brazing  Inconel  718 
in  a  prior  test  program,  is  needed  to  determine  brazing  cycles 
that  result  in  maximum  shear  strength  and  joint  efficiency. 

4.0  Status  and  Resu3.ts  -  This  test  program  will  begin  when  required 
Inconel  718  sheet  is  received. 
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1.0  Index  Code  .  (FeL)(l-d,k)(V-h) 

(FeUHKI-d.k)(V-h) 

2.0  Title  -  T.R.  No.  513-287,  Thread  Rolling. 


3.0  Objective  -  The  thread  rolling  process  offers  a  high  quedity 
threaded  product  with  superior  fatigue  characteristics.  Con¬ 
sequently,  MAC  has  procured  a  thread  rolling  machine  and  this 
machine  will  be  used  to  make  NAS  6OO  series  bolts  for  testing 
purposes  because  these  bolts  have  high  quality  threads  with 
definite  structural  requirements.  The  objectives  of  this  test 
program  include  the  following; 

a.  Qualification  of  MAC  for  rolling  threads  to  meet  MIL-B-7838 
requi rements . 

b.  Establishment  of  a  process  to  assure  conformance  with 
MIL-B-7838  requirements. 

c.  Determination  of  effects  of  processing  variables  on  the 
ability  of  parts  to  meet  the  requirements  of  MIL-B-7838. 

The  scope  of  this  evaluation  will  include  the  following: 

Phase  I 

Various  methods  of  blank  preparation  prior  to  thread  rolling 
will  be  investigated  to  determine  the  optimum  method.  The 
headed  specimen  blanks  prepared  "by  various  methods  will  be 
thread  rolled  into  3/8"  diameter  threaded  bolts  and 
subjected  to  metallurgical  and  dimensional  analyses  and 
tension,  fatigue  and  static  fatigue  tests.  The  blank 
preparation  method  that  produces  the  best  combination  of 
required  properties  will  be  selected  for  subsequent  evaluation. 

Phase  II 

Utilizing  the  optimum  blank  preparation  method  from  Phase  I, 
a  series  of  several  diameters  of  rolled  threaded  bolts 
will  be  made  and  subjected  to  metallurgical  and  dimensional 
analyses  and  tension,  fatigue,  and  static  fatigue  tests. 

4.0  Status  and  Results  -  Phase  I  testing  of  the  3/8"  diameter  roll 
threaded  bolts  is  canplete.  The  test  results  indicate  that  MAC 
rolled  threads  meet  MIL-B-7838  requirements.  Specimen  prepara¬ 
tion  for  Phase  II  work  has  just  been  initiated. 
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1.0  Index  Code 


2.0  Title  -  T.R.  No.  513-2^5>  Mechanical  Properties  and  Formability 
of  Beryllium  Sheet. 


.0  Objective  -  The  high  modulus  of  elasticity,  low  density,  high 
specific  heat,  strength,  and  excellent  nuclear  radiation  shield¬ 
ing  characteristic  of  beryllium  makes  it  a  desirable  candidate 
material  for  aerospace  design  applications  if  its  brittle 
behavior  can  be  overcome.  The  scope  of  this  test  program  in¬ 
cludes  determination  of  the  following: 

a.  Room  temperature  directional  tensile  pr' — erties  of  as 
received  and  MAC  annealed  0.040  inch  b£..yllium  sheet. 

b.  Short  time  elevated  temperature  directional  tensile 
properties  of  as  received  and  MAC  armeeded  beryllium 
O.O^iO  inch  sheet. 

c.  Hot  bendiiig  characteristics  of  beryllium  sheet. 


14^.0  Status  and  Residts  -  Preliminary  tensile  results  at  room  tempera 
ture  indicate: 


■  ■  ■  '  ~  ■  .  .  . . -  1 

Tensile 

Yield  Strength 

Specimen  Finish 

StrengthjKSI* 

0ffset),KSI* 

Unpolished 

66 

65 

Polished 

74 

65 

*  Average  values . 

Elevated  temperature  tensile  te.'sting  of  the  beryllium  specimens 
is  nearing  completion. 

Elevated  temperature  bend  tests  were  conducted  at  800°F,  1000°F, 
1200°F,and  1300°F  with  the  best  results  obtained  at  1300^. 
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1.0  Index  Code  . .  (Be-Plstc-6,13A)(l-l)(V-h) 

2.0  Title  -  T.R.  No.  52-051.03.01,  Ablation  Shield  Developnent 
Testing  -  Surface  Preparation  of  Beryllium  for 
Adhesive  Bonding. 

V 

3.0  Objec tlve  -  The  purpose  of  this  phase  of  the  advanced  Mercury 

ablation  shield  development  program  is  to  evaluate  several  methods 
of  surface  preparation  of  berylliiun  for  adliesive  bonding.  The 
scope  of  this  test  program  includes  the  following: 

a.  Surface  preparation  of  finger  panels  of  Brush  Beryllium 
Company's  QMV-200-A  press  sintered  block  by  anodic, 
chemical,  and  liquid  honing  methods. 

b.  Bonding  the  above  panels  with  HT-U24  film  adhesive. 

c.  Lap  shear  testing  of  bonded  specimens  at  room  temperature, 
500°?,  and  800°F. 

d.  Visual  examination  of  failed  specimens. 

U.O  Status  and  Results  -  Of  the  six  beryllium  surface  preparation 
methods  investigated,  the  combined  liquid  honing  and  alkaline 
cleaning  procedure  produced  the  highest  bond  shear  strength  at 
800®F  (125^  psi)and  is  a  very  efficient  reproducible  manufactur¬ 
ing  process. 
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1.0  Index  Code 


2. 


3. 
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(a)-3)(MQ-2)(l-i,k)(V-h) 


Title  -  T.R.  No.  513-210,  Refractory  Alloy  Fasteners  and 
Joint  Eveiluation  Program. 


0  Objective  -  To  determine  the  shear  strength,  tensile  strength 
and  pi'ocessing  data  for  experimentally  produced  f48  columbium 
alloy  fasteners  and  mechanically  attached  joints  at  tempera¬ 
tures  of  1800‘^'-2200°F .  Secondary  objectives  include  the 
establishment  of  satisfactory  fastener  installation  procedures 
and  evaluation  of  conformance  of  fasteners  to  the  dimensional 
requirements  of  applicable  engineering  drawings.  The  test 
program  is  divided  into  the  following  phases; 

a.  Phase  I  -  Determination  of  rivet  temperature  versus 
dwell  time  and  rivet  squeezing  pi'ccedure. 

b.  Phase  II  -  Determination  of  room  and  elevated  temperature 
tensile  properties  of  FW  columbium  alloy  and  molybdenum  - 
0.5  Ti  alloy  sheet  materials. 

c.  H}ase  III  -  Determination  of  room  and  elevated  teraperatr.re 
shear  strength  of  universeil  head,  100°  countersunk  head., 
and  blind  rivet  joints  in  refractory  sheet  materials. 

IV  -  Determination  of  roo-i  and  elevated  temper^ '^e 
tensile  strength  of  Hex  head  anc'  flr.sh  head  refractory 
alloy  bolts. 


0  Status  and  Results  -  All  fasteners  are  available  and  test 
specimens  for  Phase  I  work  have  been  completed.  Phases  II, 
III,  and  IV  test  work  will  be  conducted  utilizing  elevated 
temperature  vacuvim  test  appeiratus  in  the  very  near  future. 
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1.0  Index  Code . (Cb-3)(l-k) 


2.0  Title  -  T.k.  513-232,  Directional  Tensile  Properties  of 

F48  Columbiura  Alloy  at  Room  Temperature  and  at  2200°F. 

3.0  Objective  -  Preliminary  work  with  columbium  alloy  has 

indicated  significant  variations  in  tensile  properties  within 
individual  sheets.  The  objective  of  this  investigation  is 
to  establish  the  vairiation  in  directional  tensile  properties 
at  room  temperature  and  at  22QCP?  for  F^*6  columbium  alloy 
sheet  in  thicknesses  ranging  from  0.010"  through  0.052". 

4,0  Status  and  Results  -  Fabrication  of  test  specimens  for  room 
and  elevated  temperature  testing  Ims  been  completed.  These 
specimens  have  been  taken  from  the  longitudinal,  transverse, 
and  45°  directions  of  the  referenced  direction  of  rolling  of 
the  f4S  columbium  alloy  sheet. 
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1.0  Index  Code  .  (Cb-4)(l-a,g,h,l.k)(lV-c)(VI-o) 

2,0  Title  -  T.R-  No.  513-279>  Evaluation  of  Cb-lOW-2.5  Zr 
(Cb-752)  Columbium  Alloy. 


3.0  Objective  -  To  make  a  comparative  evaluation  of  the  mechanicail 

properties  and  reported  fabricability  of  newly  developed 

Cb-lOW-2.5  Zr  (Cb-752)  columbium  base  alloy.  The  scope  of 

this  evaluation  includes  determination  of  the  following: 

a.  Tensile  properties  at  room  temperature,  2200°F,  and 
2500°F  of  uncoated  specimens. 

b.  Tensile  properties  at  room  temperature  and  2200*^  of 
coated  specimens. 

c>  Shear  strength  at  room  temperature  and  2500'^'  of 
uncoated  specimens. 

d.  Bearing  strength  at  room  temperature  and  2500°F  of 
uncoated  sjiecimens. 

e.  Notched  tensile  strength  at  room  temperature  of 
xmcoated  specimens. 

f.  Lap  shear  strength  at  room  temperature  and  250C~T'  of 
resistance  spot  welded  specimens. 

g.  Cross  tension  strength  at  room  temperature  of  resistance 
spot  welded  specimens. 

h.  Tensile  properties  at  room  temperature  and  2500 
of  fusion  welded  specimens. 

i.  Formability  at  room  temperature. 

J.  Oxidation  resistance  of  coated  specimens  ejqposed 

to  a  temperature  of  2500°F  for  15  minute  and  60  minute 
intervals . 
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4.0  Status  and  Results  -  The  first  four  sheets  of  material  for 
for  this  Investigation  were  received  on  10  April  I962. 
Flatness  of  the  sheets  (approximately  18"  W  x  36"L)  was 
evaluated;  all  sheets  were  flat  within  O.3OO".  Thickness 
of  all  sheets  was  evaluated  and  found  to  vary  only  0.001"  in 
any  sheet.  Tensile  properties  of  all  four  sheets  have  been 
determined  at  room  temperature.  Specimens  for  completing 
the  required  testing  have  been  completed  and  testing  has 
been  initiated. 
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2.5  Title  -  T.R.  No.  513-307>  Tensile  Properties  of  Coated  D-36 
Columbium  Alloy* 


Objective  -  A  newly  developed  coliimbium  base  alloy,  D-36, 
is  of  interest  for  future  aerospace  usa^e.  Although  this  alloy 
exhibits  only  moderate  strength,  it  is  reported  to  be  readily 
producible,  formable  at  room  temperature,  weldable  end  may  be 
readily  protectively  coated.  To  consider  this  alloy  for 
future  applications,  it  is  necessary  to  develop  preliminary 
data  by  evaluating  the  tensile  properties  of  the  material 
after  protective  coating.  The  scope  of  this  test 
program  includes  the  following: 

a.  Determination  of  the  tensile  pixiperties  of  LB-2  coated 
D-36  specimens  at  room  temperature,  l800°F,  and  2500*^. 

b.  Microhardness  determinations  of  the  LB-2  coated  D-36 
specimens  after  tensile  testing  at  rocan  temperature, 

1800°F  and  2500°F. 

c .  Prejjaration  of  photomicrographs  of  sections-  throu^  the 
coating  before  and  after  elevated  temperature  testing. 


J+.O  Status  and  Results  -  Room  temx>eraturs  tensile  testing  has  been 
completed  and  the  results  eire  presented  below. 


Thickness 

(inches) 

Ultimate 
Tensile  Strength 
KSI 

Yield  Strength 
0.2^  Offset  .KSI 

$  Elongation 
in  2  Inches 

0.016 

85 

70 

12 

0.016 

82 

73 

13 

Elevated  temperature  testing  at  l8(X)°F  and  25CX)°F  has  been 
delayed  due  to  repair  of  test  facility. 


Index  No. 
121 


10  July  1962 

nATr 

ST»  LOUIS,  MISSO'JHI 

PAGE 

REPORT 

REVIseO 

MODEL 

Index  Code . (Cb-1,  Ir.org  Fln-l,4)(l-e,k) 


Title  -  T.R.  No.  'yl~Q^k,  Effects  on  the  Mechanical  Properties 
of  LB-2  Coated  ColuinbiuEi-5/&  Zirconium  Alloy  of 
Inspection  by  an  Oxidation  Check  Test. 


3.0  Objective  -  The  oxidation  check  test  used  to  detect  coating 
defects  of  LB-2  coated  columbiuni-5/^  zirconium  alloy  panels 
requires  additional  heating  of  these  panels.  There  is  some 
concern,  however,  regarding  the  effect  that  this  additional 
heating  cycle  may  have  on  the  mechanical  properties  of  the 
metallic  substrate.  It  is  necessary  to  determine  if  any  adverse 
effects  are  incurred  by  chis  test  before  it  can  be  specified  for 
use.  The  scope  of  this  evaluation  includes  deteimination  of 
the  following: 

a.  Tensile  properties  of  uncoated  coltnnbium-5/6  zirconium 
alloy  specimens. 

b.  Tensile  properties  of  18-2  coated  columbium-55&  zirconium 
alloy  specimens. 

c.  Tensile  properties  of  LB-2  coated  columbium-55^  zirconium 
alloy  specimens  after  heating  for  l/2  hour  to  temperatures 
of  1800^  and  1900OF. 

d.  Microhardness  of  all  feiiled  specimens. 

e.  Thickness  of  unaffected  base  material  remaining  eifter 
coating  for  each  condition  investigated. 


Status  and  Results  -  The  test  work  has  been  completed  and  the 
laboratory  report  is  being  prepared.  Test  lesiilts  indicate  that 
the  oxidation  check  test  does  not  have  any  adverse  effect  on  LB-2 
coated  columbium-55&  zirconlian  alloy. 
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1.0  Index  Code  .  (MO"2)(l-k) 

2.0  Title  -  T.R.  No.  513-228,  Evaluation  of  Mechanical  Properties 
of  Molybdenum-0.5  Ti  Alloy  Extrusions. 


3.0  Objective  -  To  make  a  compEirative  evaluation  of  room  and 

elevated  temperature  tensile  properties  of  two  extruded  molyb- 
denum-0.5  Ti  1.625  inch  diameter  bars  furnished  by  ASD 
(Project  No.  7351j  WADD  Technical  Report  59-26). 


U.O  Status  and  Results  -  Twenty  0.252  inch  diameter  tensile 

specimens  will  be  tested  at  room  temperature,  I6OOOF,  2000°?, 
2200°F,  2500°F,  and  2750°F.  Tests  will  be  conducted  at 
pressures  of  1  micron  or  lower  with  a  15-minute  soak  prior 
to  loading.  Elevated  temperature  tensile  properties  obtained 
thus  far  are  presented  below. 


Specimen 

Number 

Test  Temp. 

Op 

Ult.  Tensile 
StrengthjKSI 

Yield  Strength 
KSI 

^  Elongation 
in  1  Inch 

3 

1600 

61.6 

60.0 

18 

4 

1600 

59.6 

57.1 

18* 

5 

2000 

58.4 

53.5 

26 

6 

2000 

56.2 

51.4 

25 

*  Broken  -  Out  of  Gage 
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Title  -  T.R.  No.  513-302,  Evaluation  of  the  Minimum  Bend 

Radius  of  TZM  T(Mo-0.5  Ti-O.lZr)  Similar  to  MMS  l84. 

Objective  -  A  new  processing  technique  has  been  developed  for 
producing  TZM  alloy  sheet  with  double  the  ductility  cffered 
by  the  material  specified  in  MAC  Material  Specification  -l84. 

A  .smal  1  quantity  of  0.020  inch  sheet  has  been  furnished  by 
the  vendor  for  bend  tests.  If  the  vendor  claims  are  valid, 
less  scrap  could  be  anticipated  in  the  fabrication  of  future 
molybdenum  assemblies  when  using  this  special  grade  sheet. 

The  objective  of  this  test  program  is  to  determine  the 
minimum  bend  radius  of  0.020  inch  thick  TZM  alloy  sheet  at 
room  temperature. 

Status  and  Results  -  The  test  work  has  been  completed.  Bend 
test  results  show  the  speciSLl  (extra  ductile)  TZM  sheet  to  he 
only  slightly  more  ductile  than  material  procured  to  the  requirements 
of  MAC  Material  Specification  -l84.  Both  types  of  sheet  0,020  inch 
thick  could  be  successfully  bent  arovmd  a  0.040  inch  radius  mandrel; 
however,  with  a  O.03I  inch  radius  mandrel,  the  extra  ductile  sheet 
showed  slight  exfoliation  but  the  MAC  Material  Specification  sheet 
cracked  the  length  of  the  bend. 
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1.0  Index  Code . (Mo-^i^jlnorg  Fln-4,9)(V-g>h,  j) 


Title  -  T.R.  No.  51“071>  Effect  of  Oxidation  Checl?  Test 
on  Dimensional  Stability  of  Siliconized  Coated 
Molybdenum  Alloy  Parts. 


3.0  Objective  -  The  usage  of  the  oxidation  check  test  as  the 

only  reliable  method  of  inspecting  coated  molybdenum  pf>'ts, 
poses  a  dimensional  stability  proble-m  resulting  from 
themal  warpage.  This  condition  might  result  in  unusable  parts 
even  though  the  coating  was  satisfactory.  The  objective  of 
this  test  program  is  to  determine  the  dimensional  stability  of 
coated  molybdenum  paits  subjected  to  the  elevated  temperature 
oxidation  test  specified  in  MAC  Materisil  Specification  -572. 

The  scope  of  this  eveduation  includes: 

a.  Fabrication  of  a  corrugated  panel  with  mating  face  sheet 
that  has  been  match  drilled,  reamed,  and  countersunk  to 
dimensions  typical  of  re-entry  vehicle  parts.  Recording 
hole  diameters  to  the  nearest  0.001  ’.nch  and  specimen 
flatness  within  0.005  Inch. 

b.  Dimensional  measurements  of  specimens  before  and  after 
coating,  and  after  oxidation  tests. 

c.  Quality  evaluation  of  the  siliclde  coating  before  and 
after  oxidation  check  test. 


4.0  Status  and  Results  -  The  corrugated  panel-face  sheet  assembly 
specimens  have  been  measured  and  photographed.  These  specimens 
will  be  sent  to  Chromalloy  Corporation  for  silicide  coating. 
Upon  receipt  of  these  coated  specimens  the  oxidation  check 
tests  will  be  initiated. 
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1.0  Index  Code  .  (Mo-U,  Inorg  Fin-4, 9)(V-g,h,j) 

2,0  Title  -  T.R.  No.  51-072,  Determination  of  Siliconized  Coating 
Thickness  In  and  Around  Holes  and  Countersinks  in 
Molybdenum  (TZM)  Sheet. 


3.0  Objective  -  The  selection  of  silicide  coatings  on  molybdenum 
alloy  (TZf'i)  sheet  for  re-entry  vehicle  applications,  demands 
accurate  specific  information  pertaining  to  dimensional  changes 
and  total  coating  thicknesses  incurred  by  pack  cementation 
silicide  coating  technique.  The  scope  of  this  test  program 
includes  the  following: 

a.  Fabrication  of  test  specimens  that  have  been  drilled, 
reamed,  and  countersunk  to  dimensions  representative  of 
re-entry  vehicle  parts.  Accurate  measurement  of  hole 
and  countersink  diameters  to  within  O.CXX)5  inch  and 
measurement  of  sheet  thicknesses  adjacent  to  holes  within 
0.0005  inch. 

b.  Dimensional  measurements  (within  0.0005  inch)  all  hole 
diameters,  countersink  diameters,  and  thicknesses  adjacent 
to  each  hole,  at  the  same  locations  as  for  specimens  in 
the  uncoated  condition,  after  silicide  coating. 

c.  Photomicrographs  of  thicknesses  of  silicide  coating  at 
and  in  the  vicinity  of  each  hole  and  co'ontersink. 

d.  Quality  evaluation  of  coated  specimens. 


k.O  Status  and  Results  -  The  test  specimens  have  been  measured  and 
photographed.  The  specimens  will  be  sent  to  Chroma! loy 
Corporation  for  silicide  coating.  Upon  receipt  of  these  coated 
specimens  from  the  vendor  they  will  be  subjected  to  the  test 
procedures  outlined  above. 
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1.0  Index  Code  .  .  .  .  , . (Mo--2,U)(VI-a,e,l) 

2.0  Title  -  T.R.  No.  I8U-OO7,  Fabrication  Evaluation  of  Molybdenum 
Alloy  Sheet  -  Mo-0.5Ti  and  Mo-0.5Ti-0.12r  (TZM). 


3.0  Objective  -  This  test  work  is  a  part  of  the  overall  program 
to  evaluate  molybdenum  alloy  sheet  produced  during  the 
refractory  metal  sheet  rolling  program.  The  objectives  of 
this  program  are  to  investigate  bending,  uniform  elongation, 
and  dimpling  characteristics  of  Mo-0.5Ti  and  Mo-0.5Ti-0.iar 
molybdenum  alloys  in  thicknesses  ranging  0.016  inch  to  0.06 
inch,  and  to  establish  proper  fabricating  procedures.  The 
scope  of  this  evaluation  includes  determination  of  the 
following: 

a.  Room  temperature  and  elevated  temperature  minimum  bend 
radii  and  effect  of  pickling  on  bend  radii. 


b.  Uniform  elongation  at  room  temperature,  550®F  and  750^. 

c.  Dimpling  conditions. 


4.0 


Status  and  Results  -  Bend  specimens  are  being  prepared.  The 
major  part  of  the  test  material  will  not  be  received  until 
after  July  I962. 
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1.0  Index  Code 


2.0  Title  -  T.R.  No.  513-272,  Elevated  Temperature  Rupture 
Strength  of  Ta-30Cb-7.5V  Alloy. 


3.0  Objective  -  The  primary  interest  in  Ta-30Cb-7.5V  alloy  sheet 
is  for  structural  usage  at  temperatures  of  2200°F  to  3000°F. 
This  alloy  has  high  strength,  excellent  fabricability,  and 
good  weldability.  The  objectives  of  this  test  program  are: 

a.  To  determine  the  stress  required  to  cause  rupture  of 
Ta-30Cb-7.5V  alloy  in  1  hour  and  10  hours  at  tempera¬ 
tures  of  2200°?,  2400°?,  27OOOF  and  3OOOOF. 

b.  To  determine  the  total  elongation  of  all  ruptured 
specimens. 

c .  To  obtain  machining  information  such  as  feeds,  speeds, 
amount  of  metal  removed  during  machining  operations  of 
the  test  specimens. 


4.0  Status  and  Results  -  Stress  rupture  data  obtained  thus  far  is 
presented  in  the  table  below. 


Test  Temp. 

Op 

Rupture  Stress 
Level  KSI 

Time  to  Failure 
Hours 

ia  Elongation 
in  1  Inch 

2200 

35 

0.9 

45 

2200 

35 

0.9 

42 

2200 

35 

1.1 

39 

2200 

35 

1.7 

37 

2400 

32 

0.3 

68 

2700 

10 

"  "'"-o.S 

37 

3000 

1 

6.6 

24 
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j  2.0  Title  -  T.R.  No.  513-265,  Effects  of  High  Temperature  Exposure 

I  I  on  Dissimilar  Metal  Joints. 


3.0  Objective  -  MAC  P.S.  I3603  requires  glass  tape  between  the 
faying  surfaces  of  dissimilar  metal  joints  when  exposed  to 
temperatures  above  300°F  in  order  to  minimize  corrosion. 

The  temperatures  at  which  compatibility  problems  occur 
for  many  dissimilar  metal  combinations  are  higher  than  300°F. 
Eliminating  the  use  of  glass  tape  at  lover  temperatures 
would  significantly  reduce  costs.  The  objective  of  this  test 
program  is  to  determine  the  effects  of  elevated  temperature 
exposure  for  extended  time  on  the  corrosion  properties  of 
dissimilar  metal  joints.  Dissimilar  metal  com'^inations  to 
be  evaluated  are  tab’J.ated  below. 


Dissimilar  Metal  Combinations  and  Temperatures 


Metal 

4340  Cad. 
Plated 

HM23. 

Ti 

AFB  4901 

4340 

Bare 

321 

Incon¬ 
el  X 

L-605 

2024-T6 

350°F 

350^ 

350°F 

dpO^F 

3bO°F 

4340 

(Cd.Plated) 

500°F 

500°F 

500°F 

500OF 

500°F 

Titanium 
AMS  4901 

875°F 

875°F 

C75°F 

875°F 

4340 

(Bare) 

1000°F 

lOOO^F 

1000°F 

321 

I300OF 

I300OF 

Inconel  X 

1500°F 

U.O  Status  and  Results  -  The  laboratory  test  has  been  completed  and 
the  final  report  is  being  written.  Test  results  indicate  no 
problems  in  any  of  the  dissimilar  metal  joints  investigated  for 
500  hour  elevated  temperature  exi)Osures  in  air  and  subsequent 
exposure  to  a  corrosive  environment. 
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1.0  Index  Code .  (Co-lKl-i,K) 
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(FeNC-ij(l^,Ic) 

(FeAH-3)(I-l,Ic) 

2.0  Title  -  T.R.  No.  513-268,  Shear  Strength  of  Various  Vacuum 
Brazed  Combinations  of  Base  Metals  and  Braze  Alloys. 


3.0  Ob.jective  -  The  trend  toward  use  of  brazed  structures  and 

assemblies  for  intricate  aerospace  vehicles  makes  it  necessary 
to  obtain  reliable  brazed  joint  design  data.  Utilization  of 
vacuum  brazing  technique  and  a  reliable  method  of  testing  will 
enable  evaluation  of  various  combinations  of  base  metals  and 
brazing  alloys  to  be  made  and  the  resulting  data  can  be  used 
for  design  of  bi-azed  joints.  The  scope  of  this  test  program 
includes  the  following: 

a.  Shear  test  vacuum  brazed  combinations  tabulated  below. 
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Braze 

Test  Temneratures 

Base  Metal 

Alloy  Used 

R.T. 

800°F 

1200OF 

1600Of 

1900°F 

CM-52 

X 

X 

X 

L-605 

Cri-53 

X 

X 

X 

X 

Permabraze  I30 

X 

X 

X 

^52 

X 

X 

X 

X 

Inconel  X 

CH-53 

X 

X 

X 

X 

Permabraze  130 

X 

X 

X 

CM- 52 

X 

X 

X 

X 

N-155 

CM-53..  ... 

•r' 

A 

X 

X 

X 

permabraze  13O 

X 

X_.. 

X 

r  X 

CM-52 

X 

X 

X 

PHI5-7  Mo 

CM-53 

X 

X 

X 

Permabraze  13O 

X  J 

x__ 

X  ; 

Lithofcraze  925 

X 

X 

X 

> 

b.  Tensile  test  the  process  response  specimens  at  room  tempera¬ 
ture  and  800^  (one  of  each  base  metal  at  each  temperature). 

c.  Determination  of  actusil  braze-  area,  overlap,  and  clearance 
of  each  brazed  specimen. 
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2.0  Tit'.e  -  T.R.  513-277>  The  Development  of  Electroforming 
Techniques. 


3.0  Objective  -  The  capability  of  electroforming  would  edlow 

this  technique  to  be  used  for  producing  aerodynamically  smooth 
Bodels  for  wind  tunnel  testing..  The  objectives  of  this  test 
program  are  to  produce  heat  transfer  models  with  nic.kel  and  to 
obtain  further  information  on  electroforming  techniques.  The 
scope  of  this  evaluation  includes  the  following: 

a.  Molding  a  two-piece  mandrel  of  Ccrrobend  to  proper  dimensions. 

b.  Nickel  plating  the  Cerrobend  mandrel  to  the  following  thickness: 

0.030"  0.005"  except  leading  edge  and  nose 

0.030"  ^  o!o05"  leading  edge  and  nose, 

c.  Machining  of  two  tensile  specimens  from  excess  trim  on 
each  model. 

d.  Hardr'iss  and  tensile  properties  of  tensile  specimens. 


4.0  Status  and  Results  -  Preliminary  tests  are  being  performed  on 
wood  mandrels  to  produce  a  uniform  nickel  plating  thickness  of 
low  stress  concentration.  Based  on  information  acquired  from 
simulated  mandrels,  a  heat  transfer  model  can  be  electroformed. 
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1.0  Index  Code  .  ....  (?lat-3,8)(l-k)(lI-c)(lV-a)(VI-g) 

2.0  Title  -  T.R.  513-277 *02,  The  Development  of  Electroforming 
Techniques . 


3.0  Objective  -  The  objectives  of  this  test  program  are  the 
following: 

a.  Evaluation  of  mandrel  materials  (permanent  and  expendable) 
most  suitable  for  producing  intricate  or  specific  designs 
requiring  precise  tolerance  control. 

b.  Evaluation  of  conductive  coatings  compatible  with  mandrel 
materials . 

c .  Evaluation  of  plating  solutions  applicable  to  electroforming 

d.  Development  of  electroforming  techniques. 

e.  Determination  of  physical  and  mechanical  properties 
data  for  electroformed  specimens. 

4.0  Status  and  Results  -  Preliminary  test  results  Indicate  that 
it  is  necessary  to  define  objectives  and  further  develop 
electroforming  techniques  utilizing  new  plating  processes  and 
materials . 
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g.2.9.X  LOW  ALLOT  STEELS  HEAT  TREITH)  TO  240-300,000  PSI 

METALLOIGICAL  ITALUATIOI  OP  IITBUIATIOIAL  HCKEL  C0MPAII*3 
20  AM)  25^  mCKKL  ALLOTS 


Tba  Bat&Uurgioal  •▼aloatloa  tiu  eoadoDtad  la  an  •ffert  to  •▼aluato  naw 
mtcrlalfl  whloh  ara  applleabla  to  Solar 'a  prodaota  todajr  and  poKalbljr  la 
tba  futura. 

R^Btau  and  CoflolMioDa 

A  uida  raaga  of  Mohaaloal  propartiaa  ara  attalnabla  with  Tariatloaa  la  boat 
ti*aat  ojalaa.  Thaaa  ranfa  f^oa  150,000  pel  nltlaata  taaoila  atraafth,  S5,000 
pel  nltlaata  ylald  atraagth,  with  16^  aloagatloa  la  the  "aa  raoaiTad*  ooa- 
dltloa  to  296,000  pal  nltlaata  tanalla  atraagth,  240,000  pal  nltlaata  plaid 
atraagth,  with  3.5^  aloagatloa  la  the  aaragad  ooodltloa* 

Rooa  taaparatura  properties  of  229,000  pal  nltlauita  taaslla  atraagth,  203,000 
pal  nltlaata  plaid  strength,  and  0,9)t  aloagatloa  vara  obtained  on  tba  25$ 
aiokal  grade.  Whan  tasted  at  orpogonlo  tao^paratura  of  -320  P  tba  aatarlal 
abowad  a  substantial  Inoraaaa  la  strength,  aa  wall  as  In  duotlUtpi  l.s,, 
300,000  pal  nltlaata  tanalla  atraagth,  265,000  pal  nltlaata  plaid  strength, 
with  12%  aloogatlon. 

ktaldlag  of  tba  20  and  25%  nlokal  allops  is  ralatlaalp  slnpla  and  nap  ba  eoo- 
pared  with  welding  of  tl»  nora  familiar  grade  of  stainless  steel  Tppe  310. 
Howerar,  butt-waldad  tanalla  spaolaaaa  haae  a  tandaaop  to  fall  at  tba  edge 
of  the  weld,  exhibiting  low  duotlUtp  and  low  weld  Joint  efflalanop. 
Planishing  of  the  welds  after  welding  and  aanaallag  faaa  laproved  tba  veld 
joint  afflolaaep  bnt  results  still  lasTa  mnoh  to  ba  desired. 

Both  allops  ware  snsoeptlbla  to  pitting  oorrosion  from  eoodenaad  moisture 
during  tbs  snb-aaro  tenperatura  exposure  and  should  be  proteoted.  Spraplag 
with  "Aorplon”  has  beaa  affaatlTa. 

Surfooa  daoarburlsatloa  Is  not  a  problem  with  the  20  and  25%  nlokal  allops, 
howarar,  snrfaoa  oxldatloa  occurs  during  tba  annaal lag  treatment  of  1500P. 

The  oxidation  wfaloh  occurs  at  the  aanaallag  taoparattra  appears  to  ba  Inter¬ 
granular.  Matho<ls  to  praTant  or  ranora  this  eondltloa  should  bo  used. 
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7.2.6. 1.1  MI3CEILAKE0DS  METALS  AM)  ALLOYS  (REFSACTCRT  METAIS) 

FABRICATIHi  lECHMIQUES  PCR  REFRACTORY  MAimAlS  APPLIClBIg 
TO  SOLID  FROPELLAIT  ROCKET  BDZ2LES 


OblecUiTM 

Inrestifste  fsfarleating  teohniques  fcr  the  foralng  of  tungsten, 
sad  ^>Ts>10V  SUIT’S. 

larastlgste  the  Joining  of  tungsten  V>j  solid  arista  bonding  sad  altrasoalo 
welding. 

loTsstigste  tbs  tuagstsn  inert  sro  iMlding  of  90Ts>10V. 


Hot  die  foralag  of  tungsten  segneats  is  fessible  for  sefMxts  of  0.10  te 
0.90”  in  thioJuMss,  sad  for  60  to  120  degree  inoloded  angle. 

Centrlfugsllj  east  90W-2Mo  rings  osn  be  sheer  span  in  the  as  east  eoadltion 
to  prodnee  thin  shells  of  worked  aeterlal.  CentrifagsU^  east  tungsten  is 
acre  diffienlt  to  spin. 

Solid  state  or  diffusion  bonding  of  tungsten  osn  prodnee  Joints  with  usable 
strengths  st  teaperstnres  in  ezoess  of  AOOO  F.  Bonds  esa  be  predt»ed  with 
niekel  sr  rhsnlua  intsrfsoisl  ■sterisls  at  2000  F  with  rsaslt  tenperstvores 
in  excess  of  4200  F. 

Ultrasonio  welding  oaa  prodeee  welds  of  good  quality  in  thin  tuagstes  eh^t, 
but  the  seatter  of  weld  strength  Tslvse  is  large. 

90Ta-10V  osn  be  TIG  weUed  with  ao  filler  wire,  Tk  filler  wire,  ss^  90Tk<4£» 
filler  wire,  Siq^srlar  jropertlss  core  obtsinsd  with  90Te-10tf  fUlsr  wire. 
Uelds  aede  in  this  muumr  eaa  be  shear  span  sueesesfully* 
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7.2.6.1.2  MISCKUOIEODS  MFTAla  AM)  ALLOTS  (fimACTCRI  MITAI3) 
MDLHPLE  LATHI  BOZZLS 


Tb9  objeatiTS  of  this  perosram  is  to  dssi^B,  de^lop  end  usufcetvro  a  solid 
propellant  rookst  sotor  nossle  of  coral  oonfi^taration*  Cm  oossla  throat 
will  emioist  of  Bultipls  toronght  tnagstaa  v&sbare  foraad  to  a  ballrile  eona 
axiglo  and  breseds  lha  i^seabljr  vill  be  eradlod  in  ooppor  and  rotainad  bj  a 
Ih-lOU 

Eggqlta  aal.CftMlatiaM 

A  proeaas  of  alactrocbajaiofil  anodio  nillisg  of  tm^staa  has  boan  daralopod 
and  tssed  to  wlsatroobsadoally  otit  0.125”  Sa^e  tungstan  shins. 

Ttoagston  shias  or  laninatos  IjAVs  boon  soocesafully  hot  fcmsd  with  only  a 
IC^  spa&Sefa  rate. 

Moltiplo  layer  noazlsa  har*  b®8a  brasad  successfully  using  O.F.H  copper  as 
tha  hraal’ig  allege.  The  braaad  noasles  hare  base  ■eehiaed  and  are  presently 
in  final  stage  of  assesibly. 
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7.2.6.1.3  MISCmASeCOS  IfflTALS  AED  ALLOTS 

LITHIUM  FILLED  NOZZLE  HOUSING  ASSEMBLIES 


is  to  d«t*ruine  the  prooessleg  teokniquas  for  It^iof  lltbltai  aad 
otb»r  in  rooket  oosslea  Khioh  -Jill  be  evaluated  under  firing 

ooa[^itiQis». 

fiOTciiMiigaii 

Ve  have  developed  the  empabilitj’  to  load  rocket  nosales  with  liquid  mtals 
(lithiva,  sodiiaiy  and  aagBesltaa)  utiliaiog  laboratory  teehniques,  and 
utBOst  safety  precautions. 


Itsdas  136 


tLjbji,  im-J  se&M 

if 

MIiCaU.£S(KB  METi&S  A»  IU6» 

K35  CJI?  STQDf 


p'ftgrsa  o«i3is\se  P8®sas*e&  «ub3  damlo^oesi  oa  higli  teap»«tK« 
l^edl^  to  ^  f^pisAMea  aa£  ef  ea9&  ef  %vo  as^ 

OGoflS^^tie:!®  t^t  «lll  vitteteci  ti^~i@^^!arAte«-lead  e«Q^iio&9  of 
^Mtal  ssii  ct^»r  ^bital  TekiclAS* 

Is*e8Qat  ast^spjmssi^^d.  pJfeae®  is  Issing  SiredtsS  iete&ris  SctssalBiog 
solntie®  ei  ma^  elsvats^  |pei»IeEts.  Ss®%  lajp^taB^  ei 

tMeh  ia  &  rsfPaet^^  s^stal  tM.eh  ulll  vit^etasS  ^  ttesal 

gtrassss,  ss4  ba  effeaWS  ablatiag  avapXs^.,  aad  provida  a 

Mgh  ^ii^asfss  smrt&&&. 


Satrmatspj  aetallia  ata^iSm  ^sm  gps4  cocMatiea  r«sistaatt«  op  to  tba 
to^spotm^  «i@d  pr^aar^  at  t;kis^  asaltoa  pradasta  taro  f^racd.  k.  TO  tm  Bg 
|P®^e«ra,  this  tospffiratare  is  ^^30-3080  f  for  TiO  aai  4KX)-M®  ?  i'«r  ZrC 
asd  BfC. 

A  ssall  isaroase  ia  tbo  rof^r^topizs^a  of  tbs  oxidotiee  presets  of  ZrC  «■! 
BfC  vill  psrait  ttssa  aatorisls  to  bo  ma&  at  4500  F. 

Silioea  oerbido  is  aaadtsblo  far  cafsplajr  satsria]  (»)  imeavee  of  dostraeiiTO 
oslSatioB. 

Tborla  is  with  tastalssii  easd  toagstaa  for  10  Miaotes  at  4900  F  aad 

50(M)  F  rsapaotlTsl^, 

tBsria,  Tt^ia  g^^iliaod  hafaia,  BsssMliaio  six^eola,  tefniaa  oarbids*  mi 
sirocaiea  osrbide  ar«  aoa^tibls  with  t^grtoa  for  10  adaotas  at  45W  F. 

Iboria^  jt^ia  st&bilisod  hafala,  aai  hafaiwi  eerrbida  ar»  ooaipstibla 
taatrJLm  fm"  10  mXautse  at  4500  F,  Thsra  is,  bemvm',  aosaa  ii^rmao  1b  tba 
jaieroLr^rdmas  ef  tim  tantalasa. 

Ha,fE@sim  r®3beta  ulth  taatala^  aad  tc^stea  at  24^  F  sad  42^  F  raspeoti'f^Ij. 

ftKS°ia  is  &B  affa>sti'^  teirri^  bstwssn  wgx^im  ssS  ti^etsa  at  45CX>  ?. 

Plasm  gpsra^^rd  Hfo  &s^m’s  Ivo  b@  Escro  tbsrseal  nhesk  i‘asistaiit  ti^ 

Bf^,  aad  Zr(^  os  toi^staa,  although  sdl  of  tha  mtss-ials  reaaiasd  boisSed  to 
tbs  tusgstoa  speciE^as  dsrifig  hsatiog  and  eioolii:^.  Bo  aj^oeiabls  obasgo 
in  msight  of  aoj  coat  reaolted  ftm  this  tost.  Bo  ooatiog  flaa  ooeisraide 
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Pl&sM  sps-ajttd  thoria,  0.008"  to  0.015”  thick,  proridos  good  protoetica  to 
timgeten,  baTlog  witfaatood  4000  F  in  oxidising  conditions  fear  20  aisotos 
with  a  weight  loM  of  only  0.1  g/sdn  at  &  aetal  lose  of  only  0.0001”  to 
0.001”/Bla  dopesding  on  air  flow. 

Bsfnia  rates  high  in  caldstlon  pretoetioa,  bat  BfC  and  siroonia  do  not  show 
as  Bssh  preodsa. 

Beth  t  her  in  and  hafnia  warrant  fsrtbar  dstailsd  inrastigation,  hot  BfC  and 
Zr02  cannot  b«  aUjainatod  as  jot  by  ths  fsw  toets  oondnotod  to  data. 
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7.2«6.1.$  MISCELLANEOUS  METALS  AND  ALLOYS 
NOSE  ap  STUDY 

Objective 

The  program  consists  of  research  and  development  on  high  tsnperature  materials 
leading  to  the  fabrication  and  test  of  three  each  of  two  nose  cap  configurations 
that  will  withstand  the  time-tannerature-load  conditions  of  orbital  and  super 
orbital  vehicles. 

The  present  experimental  phase  is  being  directed  towards  the  solution  of  a 
refractory  metal  coating  system  which  will  withstand  the  thermal  stresses, 
not  be  affected  by  ablating  overlays,  and  provide  a  high  anittance  surface. 

In  addition,  emphasis  of  the  program  is  changing  from  materials  testing  to 
fabrication.  Fabrication  areas  that  ere  presently  being  investigated  are 
shear  forming,  solid  state  bonding,  brazing,  plasma  arc  coating,  and  reinforced 
troweled  op  overlays. 

Teat  Results  and  Conclusions 

Of  three  new  materials  bested  for  oxidation  resistance,  tungstan-thoria, 
tantalum-  10  hafniim,  and  pyrolytic  boron  nitride,  only  the  tungsten  alloy 
appears  to  have  sufficient  oxidation  resistance  to  be  considered  for 
structural  application  to  the  nose  cap, 

Hafhia  and  thorta  remain  the  moat  stable,  high  temperature  candidate  overlay 
materials. 

Based  on  the  poor  oxidation  resistance  of  tantelura-hafnium  alloys,  no  further 
work  is  planned  witii  the  tantalum  alloy  systea. 

Compatibility  tests  of  various  agents  with  the  refractory  oxides,  Zr02,  Hf02, 
and  ThC)2,  with  tungsten  showed  the  following! 

1)  Phosphate  bonded  Hf02  or  Th02  has  ii500  F  capability  in  contact  with 
tungsten. 

2)  Magnesia  alonei  or  in  the  presence  of  thoria,  is  very  corrosive  to 
tungsten  at  I42OO  F, 

Joining  of  tungsten  by  solid  state  bonding  is  being  conducted  in  an  attenpt 
to  reduce  the  time,  temperature,  and/or  pressure  necessary.  Present  diffusion 
bonds  having  the  hipest  reliability  are  produced  at  20^0  F  and  at  a  pressure 
of  20,000  psi  for  30  minutes. 
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Spot  brazing  of  tungsten  has  been  accoroplieheJl  witti  a  resistance  spot  welder. 
Tantalum  and  rhenium  foils  were  used  as  the  bri»ze  materials.  Spot  brazing 
with  rhenium  foil  was  very  difficult,  and  resulted  in  severe  deformation  and 
cracking  of  the  tungsten,  as  well  as  rapid  deterioration  of  the  welding 
electrode. 

Spot  brazing  with  tantalum  was  more  successful  and  could  be  accotnplished 
without  difficulty. 

Efficient  deposition  of  plasma  sprayed  ove.'"lay8  can  be  obtained  by  precoating 
thoida  grains  with  tungsten  and  mixing  the  coated  grains  with  pure  tungst«i. 

Considerable  additional  work  will  be  required  in  developing  tungsten  rein¬ 
forcements  for  joining  the  ovei9.ay  to  the  base  metal  to  prevent  failure  mider 
the  severe  environments  to  be  reached. 
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8.1.2.2  FSKCIB8I0I  UELfilKI 

IBfKTIGATIOl  or  PfilCtBSIOl  tfOLfiin  OK  mUBMMBi 


To  dewlep  e  prcocss  ter  tbs  pereoesioa  wLiias  ot  1/2*  diuaotor  aoljrbSoBBffi 
reKa  rogtalrod  t<S‘  toatlaf. 

Sagal^iLABiJgsiis^aB 

Tho  woldlog  tiac  oharttoterifltlos  of  tranatormr  iBoehliwiB  oppoor  to  bo  too 
sroat  for  pcroasoioa  Molding  BolTbdoam.  TIm  rooaltisg  oxoMsivo  aotol 
oxpolsioa  eoald  aot  bo  eontroUod,  oad  no  wolda  vcro  obtalnad  on  1/2* 
diaowtor  boro. 

A  eopooltor-diaeborgo  DoohiM  predosod  partially  voldad  spoeiaooo,  but  the 
psMor  aapaoitj  was  aot  adoqaata  to  porait  a  ocaprohensiTo  ovalnatiea  of  the 
prooass*  MotaUegraphia  oxaal  aation  iadioatod  atrostttroa  that  aight  be 
eoapatible  with  usoful  welded  properties »  bnt  a  acre  ezteMive  ianroatigatioB 
would  be  aeoeeaary  to  eealaate  this  possibility. 
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Bamn 

LOW  TBOSLiTORE  ERAZIK  OF  iLOCSSf 

Th»  obj««tiv«  of  this  prsliainary  iiivMtifatlon  vm  to  dce«^trats  th$ 
f«aslblliti]r  of  a  1000  F  altadaoB  braaiog  syataa,  a  atap  te«»rdd  the  ulti^ta 
goal  of  a  925  F  ■ImMi—  hrasii^  sjstaa.  It  was  raoofssiaad  that  alndficai 
brasiag  at  1000  ?  woeld  also  raqoira  tbs  dsTolopasot  of  a  saw  barasiag  alloF 
aod  a  asw  flax. 

BfWlla  .Md..G«3Lltit«l 

L^>  Joint  spMlMM  of  lyps  606l  alMdaoK  allc^  ware  brasod  sooeossfallF  at 
1010  F  aad  at  1000  ?  with  a  now  brasiag  allo;^  aixi  flax.  la  order  to 
taraso  at  those  low  toaparataros,  a  forttaeo  atawxsphers  of  titaai;m  foil 
fettered  argots  appears  osseatial;  for  with  a  fisrjBsoo  ataosphare  ^  bottle 
argoa*  aiaixaK  brasiag  teo^MratGras  were  iasroaaei  to  IQ30  F  aad  1020  F 
roapoetieoljf. 

Qaalit7  aai  dnstilitF  of  tfes  da«T9L$|^st  allo^  hr&se«»Bta  are  ooa^pareble  to 
these  Bade  with  the  aaaaaraial  brasiag  allc^. 

The  asv  fl«x  prosed  adaptahla  to  tl^a  brosiag  of  all  hrase  allege  weed  ia 
this  iaweatigatioa,  over  the  taa^^tt;^  raage  of  lOOO  -  1120  F. 
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SOUK 


mmj:>nam  or  um  TsmAfai  s&isiia  iuoxs  tcs  titmiih 
umsoom  asamm  taamm 

?e  S®vi»lop  a  sr@«Ms  for  br«si«g  tltanitas  hoocyeoiBb  sacdwleh  eoaqpatible  vith 
its  aglas  syeU  (bslow  HOD  P).  Alae,  the  braz«  joiiite  wr«  to  bo  eopoblo 
of  sorvlco  op  to  8%  F. 

ka-3&-fi  br«al£§  «Il«3ro  havo  abcva  that  titaaioo  «aa  bo  brasad  at  imipar~ 
atveo  bolow  1100  P.  Althsoj^  tbo  braaod  jointo  hav»  ohlbitoi  good 
reoiataBM  to  oorrooloa  aad  high  tcoporaturo  air  strai^^  aad 

doistility  ara  riowad  aa  Mrgiaal. 

Tha  UM  of  a  proplaood  roaotloe  peodor  to  iaoroaao  tha  roaalt  te^mratxro  of 
tba  hrasad  Joints,  i^oh  aqppurta  tho  Idoa  of  braaing  and  agli^  titaalisi 
alloTB  at  tba  sana  toaporataro,  hao  boom  sooeoosfnllj  denoMtratod  with 
tlt^altai  powdair  adlltloM.  In  addition,  tho  titanioi  powdar  has  boon  shown 
to  laeroaM  tba  wotting  and  flow  of  tba  hroM  allogr. 

To  obtain  iBora  favorahlo  aaehaniaal  proportlos  in  tho  hrasad  Joint,  fvthsr 
Kodifleatioa  of  tba  hraso  allox  ajotoB  would  ba  naaaasarj. 
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8.1.2,h.g  BRAZ33JQ 

DBVBL0PME3^T  OF  LOW  TEMPEHATURE  BRAZING  ALLOY  FOR 
aiTANIUM  HONEYCOMB  SANDWICH  MATERIALS 


Objectlvea 

The  objectives  of  the  program  are  to  develop  alloys  for  the  brazing  of 
titanium  alloys  in  the  aging  temperature  range  and  to  develop  techniques 
for  brazing  titanium  alloy  honeycomb  sandwich  rcateidials  with  tiese  alloys 
suitable  for  use  up  to  850  F, 

Results  and  Conclusions 


Alloy  development  is  progressing!  i  vstems  studied  to  date  include  the 
followingi  Ag-Cu-Qe,  Ag-Cu-Sn,  and  Ag-Qe-In,  Thermal  analysis  results  of 
the  Ag-Ou-Oe  system  showed  that  an  alloy  of  the  following  compositions 
Cu  20a0,  Oe  20.0,  and  Ag  balance,  has  a  liqaidus  and  solidus  of  1000  F, 

Althou^  the  Ag-Cu-Sn  system  is  more  complex  than  the  Ag-Cu-Ue  system,  it 
appears  promising  on  the  basis  of  the  thermal  analyses.  An  alloy  of  10.0 
Cu,  20.0  Sn,  with  Ag  balance  has  a  liquidus  of  1260  F,  and  a  solidus  of 
1000  P. 

Three  alloys  of  the  Ag-Ge-In  system  have  been  melted  end  thermal  analyses 
made.  These  indicate  that  the  melting  range  of  the  alloys  is  too  hi^  to  be 
useable  without  modification. 
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BRAZIK 

DEVKLOF?<E»T  O’  LOW  TEMmiTlRE  MAZIBG  (F  TUKSM  FOR  HIGH 
TBCmATQlE  SffiVICB 

To  d«T*lop  s  Im  t«^»ratur«  reaetlT*  bra*«  sjatMi  to  it*  full  potoortisl. 
pr-ofTSB  vbl»  propoeod  Ia  tir*  pboi)**: 

I  -  Stodj  th*  offoet  of  boron  eoatont 

PtiCM  II  -  Stud7  tho  offeot  of  soda  of  tQm»t«B  addition 

Fhaoo  III  >  OoTolop  optlaw  joint  thiekaoon 

Ften*  IT  -  Dotaonaias  cptl— p  Joint  tliiolotMis 

F&ooo  f  >  lllogr  dovnlopnost 

Hw  jrogron  Ic  inoomiloto  nc  of  lefTonbor  22,  1961.  HowoTar,  roanlto  and 
ewaalaoioM  obtnlaad  tlrao  far  aro  liatad  balow. 


Baonlta  indioato  that  tha  ■eniaan  anahla  heron  eontont  of  thn  platinnn  heron 
allojr  is  ahoot  At  haating  ratao  np  to  2000  ponder  also  of  the 

taigoton  addition  to  tha  allap’  np  ta  ahovt  74  nierono  has  littla  sifnifioanoa 
in  tha  ahoanea  of  otbar  tangstan. 

Toagatan  spaoinaits,  roaetion  brasad  with  Pt-B  allasja  ^na  tangatan  poodor  at 
2000  F,  kam  given  roaalt  taaparatnraa  an  high  aa  37t0  F.  Sobaaqnant  thraa 
hear  diffoslen  trashaaata  of  the  hraaad  joiata  at  2000  F  have  iaoraaead  tha 
ranalt  taa^yaratora  np  to  3t40  F. 

Tha  Ft-S  (Igpcroatootis}  and  ?i-B  (entaatia)  allexa  ahonad  a  aharp  iaaaoaaa 
in  raoalt  tanparatora  with  tnagataai  peodar  additlona  aaoaadlwg  20^  af  tha 
Braaa  adlej^  tnagatas  poodar  eistnro. 

Tha  hjrparantaetie  Pt-S  alleQr  haa  ahowa  no  daaraaaa  in  raaalt  taoparatva  Witt 
tangatan  additi«M  na  high  aa  3^.5^  af  tha  hraaa  allagr  -  tangatan  pawflar 
■istsro. 

The  Ir<B  alleQfa  with  ao  paedar  ndditiano  hava  net  jlaldad  the  higher  raaalt 
taa^amtcrao  63  ftwrlveelj  antioipntoi.  The  valnac  ohtainnd,  haaooar,  arm 
eoB^porahle  to  tha  klghaot  mlnao  ohtainai  with  tha  Pt-B  nllcqna. 
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8J^2.4.7 

J0ifits  •cataialag  ir«plae«d  powd«r  additions  ot  osaitai,  rutbanius,  rhsnlun, 
aafi  ttagstan,  brasad  vitb  Ir-B  alloora,  jialdad  no  inoraasa  in  raaalt 
taa{)Gratvcra  ovar  thoaa  spaeinana  oontalnli^  no  additions. 
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BRAZIL  FROCESS  DEVKLOPMEST  01  H3Lm)SillK 


CtiwUyf 

To  d«nr«lop  a  brasiag  pfoeaaa  for  aoljfadamai  eea^csnts  brasad  at  1800  F 
oapabla  of  dair«loplfi(  a  raanlt  teapcratura  abiive  3000  F. 


Tfaa  ai»eiaiaa  brasad  vith  U-lOF,  CK>Ti,  aad  Ti-Ui  war*  aasatiafaetarF  ia 
braao  alloj  would  not  flow  into  a  Joiat  oootaiAiac  a  r«a«tiT«  powdar. 

Tb*  Pt-8>T1  allpp  flowad  wall  tp  jrorid*  »cmd  joijrts.  With  propar 
diffteioa  traataaats  aftar  brasiof  aad  Join  gapa  of  0.001”  aad  leaa,  aarrio* 
tiiM|wratBi*ia  ot  i^proaiaatalp  3000  F  eao  ba  azpaetad. 

Iriditii^  aad  aolpfadaaat  addltloaa  to  tba  Pt-d-Ti  allogr  offar  flra  opper- 
toaitiaa  far  iaprorlag  tha  high  taa^aratara  atraagth  of  th*  joints  aad  fcr 
radvlog  tha  hraalag  taaparatsr*. 
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8.1.2.h«6  BRAZINQ 

REACTIVS  BRAZING  OF  MOLYBDENDH  FOR  3000  F  SERHCE 


Ob.lective 

To  develop  a  braze  syaten  to  join  molybdenum  that  flowa  and .wets  well  at 
2000  F,  yet  have  a  potential  rsmelt  aiid  uae  tonperature  well  ovev  3000  F, 

Results  and  Conoluaions 

Molybdenum  and  molybden\aa  alloy  brazeraenta  brazed  with  Solar  HQN-3  8'^  2000  F 
poaaeaa  sufficient  atrength  and  stability  for  many  important  applications  to 
3000  F. 

Solar  RCaj-3  should  be  particularly  suitable  for  brazing  molybdenum  asaesihlaes 
required  for  current  and  proposed  lift-^ide  vehicless 

The  advantages  of  Solar  RGIi-3  over  competetive  b  "aze  ayateaa  arei 

1)  The  ability  to  braze  molybdenum  and  moly’jdsnum  alloys  at  a  low 
temperature,  without  causing  recrystallization  and  embrittlement  of 
the  base  material* 

2)  The  ability  to  furnace  braze  large  molybdenum  asaembllss  cheaply 
using  conventional  low  tsnperature  furnaces  and  related  equipment* 
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6. 2,3.1  WASPALOr 

MECHANICAL  PROPERTIES,  PR0CESSIS3  REQUIREMENTS  AND 
FABRICATION  CHARACTERISTIC'S  OF  WASFALOY  SHEET 


Objective 

The  program  was  concerned  with  a  metallurgical  evaluation  conducted  on 
Waspaloy  which  included  numerous  tests  utilising  a  wide  selection  of  annealing, 
solution  treating,  stabilizing,  and  aging  stud’  es  as  well  as  a  limited  amount 
of  elevated  temperature  tensile  tests®  In  adcLtlon,  the  effects  ojf  welding, 
brazing,  and  forming  were  evaluated.  The  reavlta  were  obtained  on  material 
from  production  size  sheets  supplied  by  Universal  Cyclops  Steel  Corporation, 

Results  and  Conclusions 


The  results  and  concLuaiona  that  follow  apply  to  sheet  material  up  to  l/l6" 
in  thickness.  Some  variation  in  mechanical  properties  and  processing 
characteristics  could  logically  be  ejtpected  in  plate  or  bar  stock, 

Waspaloy  in  the  as  received  condition  when  aged  at  lliOO  ?  for  16  hours 
results  in  the  best  combination  of  room  tanperature  properties.  Tensile 
strength  161,000  to  191,000  pai,  yield  strength  130,000  to  li}0,000  psi,  with 
elongation  in  2  inches. 

Exposure  to  elevated  temperatures  in  excess  of  IROO  F,  such  ag  stabilizing 
treatment  or  interstage  anneal,  lowers  the  strength  on  5>abf?ecja^nt  aged 
Waspaloy  sheet  mateirial.  In  addition,  intergranular  oxidation  occurs  on 
material  exposed  to  temperatures  above  1330  F  in  an  air  atmosphere j  controlled 
atmospheres  are  therefore  indicated  and  definitely  mandatory  in  solution  heat 
treating  thin  gage  Waspaloy  sheet, 

Waspaloy  sheet  is  harder  to  fora  (will  require  more  force)  than  the  300  series 
stainless  steels.  In  addition,  Waspaloy  work-hardens  at  a  very  fast  rate 
necessitating  intermediate  anneals  during  deep  drawing  operationso 

Automatic  and  manual  welding  of  this  material  will  present  problems,  V’ssp»loy 
apparently  has  a  small  tolerance  for  mistakes  and  any  slight  variation  from 
established  welding  schedules  will  probably  result  in  continuous  porosity 
and/or  cracking  of  the  weld. 

Welding  schedules  producing  crack  free  welds  have  been  established  for  0,023* 
and  0,0li3”  material  welded  by  automatic  TIG  process.  However,  we  were  u  able 
to  produce  100^  crack  free  manual  TIG  velds  during  the  present  evaluation, 

Waspaloy  in  the  over-aged  condition  will  regain  most  of  its  strength  upon 
subsequent  aging  at  IROO  F  for  16  hours  and  therefore  may  be  considered  n 
rever^ble  aging  alloy. 

Good  strong  joints  were  made  on  Waspaloy  sheet  with  gold  base  brazing  aUcySu 
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8.1.2.U,8  BRAZING 

BRAZING  OF  PYROLYTIC  GRAPHITE 

Objective 

This  progran  was  concerned  with  developing  techniques  for  brazing  pyrolytic 
graphite  to  either  commercial  graphite  or  to  tiie  molybdenum  -  titanivsa 
alloy.  The  requirements  originally  set  forth  was  that  joints  should  retain 
soma  useful  strength  at  a  short  time  peak  temperature  of  1^00  F, 

Results  and  Conclusions 


There  is  a  hig^  degree  of  incoji5)atibility  between  the  surface  of  pyrolytic 
graphite  and  metallic  braze  alloys  in  general.  This  arises  from  the  com¬ 
bination  of  properties  exhibited  by  the  pyrolytic  graphite  end  the  typical 
metallic  properties  of  braze  alloys.  Commercial  braze  alloys  capable  of 
operation  up  to  1500  F  (and  otlier  hi^  expanai/ity  alloys)  are  not  suitable 
for  brazing  pyrolytic  graphite  to  ordinary  graphite  or  molybdenum  - 
titanium  unless  some  means  of  transferring  the  thermal  stresses  below  the 
surface  of  the  pyrolytic  graphite  is  used, 

Silicon  base  alloys  can  be  used  to  produce  moderate  strength  joints  to 
pyrolytic  graphite  without  surface  stabilisation.  Indicated  shear  strengths 
at  1500  F  ranged  from  2lili  to  380  pei. 

It  appears  probable  that  carbide  or  grapiiite-carbide  type  joints,  foimed  in 
place,  would  have  the  best  chance  of  successfully  readiing  hi^  strengths. 
Such  a  joint  should  have  good  strength  to  relatively  high  temperatures. 


M^TjE-j^/ViG  ^ffJirEf£.j9Af/E  GGj*^JRM/¥ir 

MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

CHEMICAL}  CHEMICAL  BLAHKING;  BERYLLIUM 

DESCRIPTIVE  TITLE: 

ChemicAl  Milling  Beryllina  as  a  Method  of  Material 
Cutting 


OBJECTIVE: 


To  chemically  cut  berylliuM  sheet  oaterial  into  smII 
specimens  by  selectire  masking  and  etching. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Beryllium  sheet  was  completely  masked  using  a  neoprene  material  and  fine 
lines  of  maskant  were  cut  and  stripped  to  give  any  part  configuration 
desired. 

The  masked  parts  were  then  immersed  in  the  BAG  5737  chemical  milling 
solution  and  allowed  to  remain  until  the  acid  had  etched  through  the 
exposed  metal.  The  parts  were  then  removed  from  the  solution,  rinsed 
and  the  protective  mask  was  removed  leaving  detail  parts  chemically 
blanked  to  size. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

CHEMICAL;  CHEMICAL  BLANKING;  MOLYBDEmJM 

DESCRIPTIVE  TITLE: 


Ch«Blcal  Blanking  of  Parts 


OBJECTIVE: 

To  derelop  a  procass  for  praclslon  blanking  of  shaet 
Material.  This  process  Mast  be  capable  of  producing 
straight  edges,  holes,  slots,  etc.  without  delaalnatlon. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  following  process  was  dereloped: 

1.  Clean  per  BAG  5789 <  Method  1 

2.  Dip  coat  with  KMES  Msskaat 

3.  Air  cure  owernlght  or  oren  cure  30  Minutes  at  225*F 

k.  Contact  print  Isage  using  a  photographic  negative  and  a  high 
intensity  ultra  violet  light  source. 

5.  Dissolve  unexposed  aaskant  by  vapor  degreasing  per  BAG  5^>08. 

6.  Etch  through  the  exposed  areas  using  nltrlc-hydrofluorle  aeid 
pe~  BAG  5789,  Method  3. 

7.  St.^p  reMSiniag  Msskant  using  Xylene. 

nue  process  produced  100%  delaalaatioB>free  parts. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM  ALLOTS;  CRACKING  CHARACTERISTICS 

DESCRIPTIVE  TITLE: 

Evaluation  of  Cracking  Characteristics  of  Alnalnua  Alloys 


OBJECTIVE: 

To  establish  the  transverse  grain  cracking  characteristics 
of  selected  2000  and  7000  series  alnalnua  alloys  subjected 
to  various  stresses  In  corrosive  aedia. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  limited  amount  of  data  tabulated  so  far  indicates  that  ring  or  "C" 
specimens  aacnined  from  extrusion  alloys  of  2024,  707i>»  7178  and  7079 
exhibit  basically  the  same  life  eXNSotancy  except  7178  which  was 
consideiably  less. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METALl  ALUMINUM  ALLOYS;  SPINNING 

DESCRIPTIVE  TITLE: 

Spinning  Tests  on  Several  Alloys 


OBJECTIVE:  The  purpose  of  this  test  program  was  (1)  to  determine  the 

magnitude  of  directional  properties  in  selected  alloys  after 
flow  spinning,  (2)  to  determine  the  shapes,  (3)  to  determine 
the  maximum  practicable  thickness  reductions  which  may  be 
made  by  flow  spinning  without  intermediate  annealing,  (4)  to 
determine  the  mechanicai.  properties  of  the  alloys  tested  after 
flow  spinning  and  heat  treating  and  (5*)  to  determine  if  spinning 
and  flow  spinning  the  alloys  by  varying  amounts  will  transform 
the  cast  structure  of  welded  specimen  areas  into  a  wrought  structure. 
ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

X2219,  X200,  VASCOJET  1000,  4340,  and  32]  may  be  spun  from  flat  circular 
blanks  to  cylindrical  shapes  at  room  temperature.  Directionality  of 
mechanical  properties  after  spinning  was  not  marked. 


The  mechanical  properties,  with  the  exception  of  elongation,  of  all  spun 
alloys  was  generally  higher  after  heat  treatment  than  control  specimens 
which  were  not  spun. 


The  ”cast”  structure  of  the  welded  specimens,  X2219  and  321,  showed  some 
transformation  to  a  wrought  structure. 


Detail  results  are  reported  in  Test  Report  T2-185O  da  -.ed  7/20/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALOMINUK  LAMINATED;  TEAR  RESISTANCE 

DESCRIPTIVE  TITLE: 

Tear  Reaistanca  and  Crack  Propagation  in  Aluminua 
Laminated  Sheets 


OBJECTIVE: 

A  theoretical  method  for  predicting  crack  growth  rates 
in  laminated  sheets  was  attempted.  The  following 
program  was  designed  ih  part  to  test  the  theory. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

2024-T3  clad,  2024-t81  clad  and  7075'’T6  clad  altBrtmBi  alloy  {Hinels, 
cs^Bsistlng  of  both  single  sheet  and  two-ply  laminated  sheets,  were 
subjected  to  the  following  tests:  seven  laminated  panels  fabricated 
from  7075-T6  clad  aluminum  alloy  with  central  cracks  of  varying 
lengths  (in  one-ply  only)  were  static  tested  to  failure.  Crack 
yawnings  and  slow  crack  extensions  were  obsor^fed  in  these  tests. 

Twelve  single  sheet  xwknels  (4  of  each  alloy  and  heat  treat)  and  3 
laminated  sheets  (1  of  each  alloy  and  heat  treat)  were  fatigue 
tested  to  observe  fatigue  crack  growth  behavior. 

The  results  of  this  program  indicate  that:  (a)  for  sufficiently  long 
cracks,  the  static  tear  strength  for  laminated  panels  is  greater  than 
for  single  sheets  of  equivalent  metal  thickness;  however,  if  the  cracks 
are  short  (i.e.  less  than  4.0"  in  this  test)  laminated  panels  exhibit 
no  greater  static  tear  strength  than  single  sheets  of  equivalent  metal 
thickness  (b)  the  fatigue  life  on  laminated  panels  in  which  only  one-ply 
is  cracked  is  much  greater  than  the  fatigue  life  for  cracked  single 
sheets  of  equivalent  metal  thickness.  Data  for  the  fatigue  crack  growth 
behavior  of  2024-T3  clad,  2024-T81  clad,  and  7075-T6  clad  alumii.am  alloy 
sheets  were  also  obtained. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM  AND  MAGNESIUM  ALLOYS;  IMPACT  STRENGTH 

DESCRIPTIVE  TITLE: 

Tension  lapact  Strength 


OBJECTIVE: 


To  determine  relative  energy  absorbing  of  aircraft 
structural  materials.  Ao  a  secondary  objective  an  attempt 
to  correlate  notched-tensile  impact  strength  to  tear 
resistance  is  being  conducted. 

abstract  of  RESULTS  AND  CONCLUSIONS: 

?iva  aluHinum  alloys  and  one  magnesium  alloy  have  been  subjected  to  notched 
tensile  impact  tests.  A  chart  of  energy  per  square  inch  from  the  Izod  shows 
rather  remarkable  agreement  with  the  relative  '^standings"  of  these  alloys. 

Specifically,  the  alloys  tested  are: 

2024 

7075 

7178 

X2020 

7079 

flK-31 

Testing  of  this  natural  is  never  really  "completed"  so-to-speak.  As  more 
teste  and  analyses  ar**  performed,  the  confidence  level  rises.  If  the 
notched  tensile  can  bo  "confidently"  viewed  as  a  good  measure  of  energy 
absorbing  ability,  it  will  afford  a  rapid,  c  form  of  laboratory 

testing. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 

METAL j  ALDMINUK  AND  MAGNESIUM  CASTINGS}  DESTRUCTION 
TESTING 

DESCRIPTIVE  TITLE: 

Deatructioo  Testing  of  High  Strength  Aluainua 
and  Magnesioa  Castings 


OBJECTIVE: 

To  deaonstrate  the  feasibility  of  obtaining  high  strength 
light  alloy  castings  with  sechanical  properties  guaranteed 
in  the  part. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


A  special  destructire  test  casting  with  an  I  test  section  was  used. 
Seven  aluainua  and  eight  magnesiun  casting  alloys  from  a  total  of 
fifteen  vendors  were  involved  in  the  procurement  of  the  test  vehicle. 
Tensile  control  specimens  were  taken  from  each  part  and  compared  to 
the  calculated  failing  stress  for  the  destruction  test. 

The  following  conclusions  were  reached; 

1.  Close  control  of  gating,  risering,  and  chilling  is  necessary. 

2.  Heavy  chilling  and  close  dimensional  tolerances  are  not 
compatible. 

3.  Greater  casting  reliability  is  primarily  due  to  the  increase 
in  elongation. 

Ultimate  tensile  strengths  of  47»000  psi  for  C355-T6  aluminum  alloys 
and  38tOOO  psi  for  QE22A-T6  magnesium  alloy  were  obtained  in  a  cast 
part.  The  desired  strength  level  was  achieved  only  for  A356-T6  and 
C355-T6  aluminum  alloys  and  ZK51A-T5  and  (;jE22A-T6  magnesium  alloys. 

Reference  -  BAG  Document  No,  D5-6979. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

KlSTAL;  ALDMINUM  AND  MAGNESIUM;  CASTING; 
MECHANICAL  PROPERTIES 
DESCRIPTIVE  TITLE: 

Short  Tiae  Elejrated  Teaperature  Properties  of 
Premium  Quality  Light  Alloy  Castings 


OBJECTIVE; 

To  determine  the  elevated  tomperature  strength  of 
various  high  strength  aluminum  and  magnesium  casting 
alloys  under  conditions  of  rapid  heating  and  loading 
and  short  exposure  cimes. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS; 

Tension,  stress-rupture,  and  compression  testing  was  accomplished  on 
three  high  strength  aluminum  alloys  and  four  high  strength  magnesium 
alloys.  Temperatures  from  70*F  to  700*F  and  soak  tines  of  10  seconds, 
15  minutes,  and  30  minutes  were  used.  A  load  rate  of  4-b  KSl/sec  for 
the  magnesium  alloys  and  b-10  KSI/aoc  for  the  aluminum  alloys  was  xised. 

The  combination  of  short  soak  times  and  rapid  loading  produced  a  con¬ 
siderable  increase  in  the  mechanical  properties  over  those  indicated 
by  standard  short  tine  tests.  The  highest  strength  aluminum  alloy 
was  C35^-T6  end  the  highest  strength  magnesium  alloy  was  QB22A-T6. 

Some  of  the  room  temperature  ultimate  strengths  reached  50,000  psi 
for  aluminum  and  .40,000  psi  for  magnesium. 

Reference  -  BAC  Document  Ho,  D5-<>896 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALDMINUH;  TBAK  RESISTAN^’E 

DESCRIPTIVE  TITLE: 


Tear  Resistance  of  Some  Commercial  Gages  of  Sereral 
Aluminum  Alloys 


OBJECTIVE: 


To  obtain  soma  tear-resistance  data  on  some  commercial 
gages  of  several  aluminum  alloys. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Wide  specimens  (15"  -  48”)  of  several  aluminum  alloys  and  commercial 
gages  were  centrally  cut  half  their  width  and  then  pulled  in  simple 
tension  to  failure. 

Results  were  as  follows: 


Material 

Gage  Range 
-  Inches 

Gross  Failure  Stress  As 
%  of  Nominal  Tensile  Yield 

2024-T5 

.010-. 500 

50-45 

7075-T6 

.010-. 500 

10-30 

7178-T6 

.040-. 500 

10-25 

7079»t6 

.040-. 500 

15-35 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM,  TENZALOY;  WELDABILITY 

DESCRIPTIVE  TITLE: 

Fusion  Welding  Evaluation  of  Tenzaloy  Aluminum  Casting  Alloy 


OBJECTIVE: 

Evaluate  the  weldability  of  Tenzaloy,  establish  feasibility 
of  repair  welding  Tenzaloy  castings  and  determine  the  com- 
patability  of  joining  wrought  alloys  to  Tenzaloy  castings. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Tenzaloy  is  readily  weldable  to  itself  and  to  two  ^000  series  wrought 
aluminum  alloys  using  both  the  MIG  and  TIG  welding  processes.  It  is 
possible  to  achieve  100^  joint  efficiency  (50  ksi)  in  welded  Tenzaloy 
using  base  metal  or  5556  filler  metals.  Tenzaloy  is  somewhat  prone 
towards  weld  cracking  and  caution  should  be  used  in  welding  restrained 
parts. 

Tenzaloy  is  a  casting  alloy  which  ages  naturally  from  the  cast  condition. 
The  mechanical  properties  are  dependent  upon  section  thickness  -  the 
thinner  the  section  the  better  are  the  strength  and  ductility.  It  i» 
possible  to  artifically  age  this  alloy  but  no  sifnificant  iaprovemcnts 
in  the  mechanical  properties  are  realized  from  such  a  treatment. 

Details  are  reported  in  Metals  Unit  Summary  Report  WS-59t  dated  5-11-60. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM,  20l4;  FORMING  TESTS 

DESCRIPTIVE  TITLE: 

Preliminary  Forming  Testa  on  20l4  Sheet  Material 


OBJECTIVE: 

The  purpose  was  to  determine  the  minimum  bend  radius 
on  several  gages  of  2014  sheet  material. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  minimum  room  temperature  bend  radius,  for  the  material  tested, 
bent  through  an  angle  of  120  degrees,  is  as  follows; 

2014-0  -  0.5T* 

2014-T6  —  4. IT* 

The  springback  ranged  from  l-l8  degrees. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSR-771, 
dated  9/7/60. 


*  T  -  nominal  thickness 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALDMINUM,  X2020;  EVALUATION 

DESCRIPTIVE  TITLE: 

Evaluation  of  Production  Lots  of  Aluminus  Alloy  X2020 


OBJECTIVE: 

To  doterraine  the  mechanical  properties  of  X2020  produced 
in  commercial  lots  of  sheet,  rod,  and  extrusions. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Clad  sheet,  cold  finishes  rod  extruded  angle  and  extruded  bar  supplies 
from  commercial  heats  uere  evaluated.  Tensile  tests  provided  ultimate 
and  yield  strengths,  elongation,  reduction  of  area,  rnodulms  of  elasticity 
and  Poisson’s  ratio.  Compressive  tests  provided  yield  strength,  modulus 
of  elasticity,  tangent  modulus  and  secant  modulus.  These  properties  were 
determined  at  temperatures  ranging  from  -80*F  to  ‘*00*F  and  from  specimen 
exposed  for  1/2,  100,  and  500  hours  to  temperatures  up  to  400*F. 

Good  metallurgical  stability  was  observed  up  to  500* F  for  up  to  500  hours. 
Short  time  properties  remained  high  for  all  test  temperatures.  Tensile 
and  compressive  moduli  of  elasticity  were  somewhat  higher  than  for  other 
aircraft  structural  alualaum  alloys. 

Besulta  are  published  in  Boeing  Airplane  Company  Teat  Report  No.  T2-17W 
dated  8-18-59. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM  ZQ2k-Q%  SHEARTURNIRG  CAPABILITT 

DESCRIPTIVE  TITLE: 

Investigation  to  Establish  Maxiaua  Angalar 
Shearturning  Capability  2024-0  Aluainua 


OBJECTIVE: 

Establishaent  of  oaxiaua  angular  liaits  for  shearturning 
quality. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Data  plots  for  tested  material  having  similar  shapes  show  the  best 
material  performance  on  blank  thicknesses  of  .O9O"  through  .19O”.  The 
aaxlBUB  angles  for  2024-0  for  thicknesses  of  ,0l8"  through  ,2fa0"  vary 
from  20*  to  14-1/2*  and  back  to  l6-r/2*.  Haxiaum  angular  limit 
established  for  2024-0  was  16-1/2* , 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 


I; 


R'- 


HETALj  ALDMimiM,  2024-T3;  CRACK  GROWTH 

DESCRIPTIVE  TITLE: 

Crack  Growth  Due  to  Cyclic  Loading 


OBJECTIVE: 


To  obtain  test  data  on  2024-T3  sheet  material 
purposely  cracked  and  then  subjected  to  cyclic 
tension  loading;  ambient  conditions. 


r- 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Combinations  of  gross  stress  level  and  crack-length  produced  equal 
crack-grcwth-rates  under  ambient  conditions  and  sinusoidal  loading 
at  2  cps  when; 


c 

i 


r 


1  Maz.  Cyclic  Load 
Min.  Cyclic  Load  * 

2.  K  =  unique  value 


Constant 


where  K 


s  gross  stress  (tension)  psi 

Definitions  a  3  half  crack  length  (normal  to  loading) 
2b  *  test  panel  width 


Sample  results: 


20 

2.5 
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K  Growth  Rate 

15,000  110  Microinches  per  Cycle 
15,000  45  Hicroinches  per  cycle 
15,000  2)4  Microinches  par  Cycle 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION; 

METAL;  ALUMINUM  20a4-T3;  FORMING  EFFECTS 


DESCRIPTIVE  TITLE: 

Effect  of  Foraing  2024-T3  Sheet  Prior  to  Artifical  Agiog 


OBJECTIVE: 


To  deterBine  whether  the  -T81  condition  in  formed  parts 
would  approach  properties  of  the  condition  due  to 

the. foraing. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Specimens  were  stretched  to  permanent  sets  up  to  12.5^  in  the  -T3 
condition  then  aged  to  the  ^tSI  condition.  Maximum  change  in  tensile 
properties  in  the  -t81  condition  were  as  follows: 


r  ' 

■ 

Pre-Age  Stretch 

UTS 

rrs 

ELONG 

68,000  psi 

62,000 

psi 

7.35t 

{ 

12.5^ 

70,000  psi 

65,000 

psi 

6.6^ 

Based  on  the  above  results  -t81  properties  in  severely  formed  areas 
would  be  approximately  half-way  between  typical  -T81  and  typical  -T8b 
properties.  Details  are  reported  in  Metallurgical  Summary  Report  No.  767* 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMIKOM,  2024-T3,  T81;  FORMING 

DESCRIPTIVE  TITLE: 

Effect  of  Forming  2024-T3  Sheet  Prior  to  Artificial 
Aging  to  -5*81 

OBJECTIVE: 

To  determine  whether  cold  formed  (stretched)  2024-T3 
material  will  approach  -t86  properties  when  aged  to 
-T8i, 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Cold  forming  (stretching)  2024-T3  resulted  in  a  small  increase  in 
ultimate  and  yield  and  a  slight  decrease  in  elongation.  The  cold 
foarmizig  will  net  enable  the  material  to  develop  t86  properties. 

Detail  results  are  reported  in  Test  Beport  MSR-?^?*  dated  8/3/60. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 


HETAL}  ALUMINUM  2024-t81;  FORMING  TESTS 


DESCRIPTIVE  TITLE: 


Preliminary  Forming  Tests  on  2024-t81  Sheet  ?(aterial 


OBJECTIVE: 


The  purpose  of  these  tests  were  to  determine  the 
minimum  bend  radius,  the  maximum  cup  dmpth,  and  the 
minimum  straight  flange  length  for  hydropressed  parts. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  minimum  room  temperature  bend  radius,  for  the  material  tested,  bent 
through  an  angle  of  120®,  is  —  4.3_T*. 

Cup  test  results  indicate  that  the  two  dimensional  formability  of 
2024-t81  is  superior  to  2014-T6  and  2024-T86  and  inferior  to  7075-T6 
and  2024-T36. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSR  7^5 
dated  8/16/6O. 


♦  T  -  nominal  thickness 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAJ,;  ALUMINUM,  2024-t81|  TEAR  RESISTANCE 

DESCRIPTIVE  TITLE: 


So«e  Engineering  Properties  of  2024-t81  Aluminum  Alloy 


OBJECTIVE: 


To  obtain  mechanical  properties,  crack  growth  rate,  and 
tear  resistance  data  fcr  .063  2024-t81  aluminum  alloy. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Test  Temp¬ 
erature-  (*F) 

Ultimate  Tensile 
(psi,  Avg) 

Tensile  Yield 
-0.256  Offset 
(psi,  Avg) 

Elongation 
(56  in  2".  Avg) 

70 

72,100  L* 
70,500  T 

66,300  L 
64,400  T 

6.5  L 

6  T 

250 

63,400  L 

62,600  T 

60,100  L 
59,400  T 

8  (Approx)  L 

8.5  7 

Crack  growth  rate  for  2024-t8i  is  greater  than  that  for  2024-T3  but  less 
than  that  for  7075-76,  where  na.xiaus  gross  area  stress  is  13,000  psi  and 
ratio  of  maucimum  gross  area  stress  to  aiuisus  gross  area  stress  is  2.5* 

A  salt  spray  enTlronment  seems  to  hare  ^•ry.J.ittle  effect  upon  the 
crack  growth  rate  of  2024-T81.  The  tear  resistance  increases  with  an 
increase  in  test  temperature  from  -65*  to  250* F.  Values  as  determined 
by  dP/dA  vary  from  374  to  719.  depending  upon  panel  sise,  initial  crack 
width,  grain  direction,  and  teat  temperature. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METALj  ALUMINUM,  26i8-T81;  TEAR  RESISTANCE 

DESCRIPTIVE  TITLE: 

Some  Engineering  Properties  of  26i8«t81 
Aluminum  Alloy 


OBJECTIVE: 


To  determine  mechanical  property,  crack  growth 
rate,  and  tear  resistance  data  for  ,064  26i8-T81 
aluminum  alloy. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Test  Temp- 
erature-(°r) 

74 

250 


Ultimate  Tensile 
(psi,  Avg) 

54,900  L* 
55,000  T 

50,200  L 
49,600  T 


Tensile  Yield 
-0.2^  Offset 
(pal 4  AvgJ 

47,700  L 
46,500  T 

46,100  L 
44,900  T 


Elongation 
{%  in  2",  Ayr) 

6  L 
8  T 

6.5  L 

7  T 


♦Grain  direction  (longitudinal  or  transverse) 


Ci-£ck  growth  rate  for  2618-T8I  is  approximately  the  same  as  that  for  2024-T5 
and  less  than  that  of  7075-T6  and  2024-T81,  where  maximum  gross  area  stress 
is  15,000  psi  and  ratio  of  maximum  gross  area  stress  to  minimum  gross  area 
stress  is  2.5. 


The  tear  resistance  increases  with  an  increase  in  test  temperature  from 
~65°F  to  250®F.  Values  as  determined  by  dP/dA  vary  from  660  to  II8O; 
depending  upon  panel  size,  initial  crack  width,  grain  direction,  and  test 
temperature.  Generally,  26i8-T81  has  a  greater  tear  resistance  than 
2024-t81  through  the  above  temperature  range. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALOMINOM,  5^56;  WELDABILITY 

DESCRIPTIVE  TITLE: 

Fusion  Weldability  of  5^56  Aluainua  Alloy 


OBJECTIVE: 

InTestigate  the  weldability  of  5^56  aluminum  in  two 
different  tempers  to  obtain  preliminary  strength  and 
quality  data. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Sound  welds  were  readily  obtainable  by  the  TIG  welding  process  using 
5556  aluminns  alloy  filler  wire. 

Static  tensile  tests  rerealed  that  joint  efficiencies  of  80-855t  were 
obtainable  for  both  temper  conditions  (40-45  hsi).  Bend  tests  rerealed 
that  as  average  bend  angle  of  70-'73*  vas  obtained  about  a  2T  radius. 

Details  are  reported  in  Metals  Unit  Summary  Report  wS-53,  dated  3-28-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  AHJHINDHV  ALCON  6012;  WELDABILITY 

DESCRIPTIVE  TITLE: 

Weldability  Er^iluation  of  Alcon  6012  Wrought  Plate 
and  Roll  forged  Rings 

OBJECTIVE: 

Determine  the  weldability  of  Alcan  6012  and  compare  it  to 
Alcoa  2219  for  use  in  determining  minimum  requirements  for 
production  machine  certifications. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  results  revealed  that  the  mechanical  properties  of  Alcoa  2219  plate 
welded  to  Alcan  6012  forging  were  superior  to  those  of  Alcan  6012  plate 
welded  to  Alcan  6012  forging  but  that  both  combinations  could  be  welded 
with  equal  ease.  The  effect  of  solution  treating  times  was  investigated, 
as  was  also  the  effect  of  repair  welding  and  weld  quality. 

A  significant  difference  in  grain  size  was  noted  between  the  Alcoa  and 
Alcan  alloy  plates.  This  difference  has  been  attributed  primarily  to 
manufacturer  rolling  techniques  I’ather  than  chemistry  modifications. 

Details  are  reported  in  Test  Report  T2-l859»  dated  oO. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM,  ALCAN  6012  AND  ALCOA  2219;  EVALUATION 

DESCRIPTIVE  TITLE: 

Evaltiation  of  Weld«d  and  Base  Metal  Properties  of 
Alcan  i>012  Aluminom  Alloy 


OBJECTIVE: 

Obtain  test  data  which  could  be  used  to  detemine  inter* 
chan^^-eability  between  Alcan  6012  and  Alcoa  2219* 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Alcan  6012  plate  and  ring  forgings  were  the  products  used  in  the  eTaltiation. 
Roo«  and  elevated  teaperature  tensile  properties,  bend  properties,  pressure 
test  fatigue  properties,  dincnaioBal  stability,  and  aetallographlc 
characteristics  were  determined. 

Reheat  troataent  of  the  as-l'umished  plate  resulted  in  large  grain  size 
and  reduced  tensile  properties*  Tensile  properties  of  the  ring  forging 
were  satisfactory  and  are  liixted  below: 


Teat  Teat 


Tiae  at  Tsre 


UTSCpsi)  TlS(ssi) 


?.5*F  5o,000  43,000  7 
350*F  15  «iu*  49,000  4l,000  10 
H<X)*F  15  «in.  40,000  35,000  17 
500»F  15  aiB.  26,000  20,000  27 


The  above  data  and  the  results  of  the  other  tests  indicated  that  in  ring 
forgings  Alcan  6012  can  be  considered  interchangeable  with  Alcoa  2219 
u/ider  the  conditions  of  testing*  A  test  report  will  be  written* 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

MSTALt  ALDMIRUM  606l;  WELDMESTS 

DESCRIPTIVE  TITLE: 

lareatig^t*  Load  Carrying  Capabilities  of  K'ih^ 

Weldaents  in  bObl  Alloy 

OBJECTIVE: 

Deteraine  whether  heat  treataant  after  welding  iaproTed 
the  load  carrying  capabilities  of  weldaents  containing 
craek-like  defects. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Sharp  notch  tensile  (notch  radius  .001”  or  less)  tests  were  perforaed  on 

as-welded  and  heat  treated  weldments  In  bObl  plate.  Griff 1th- Irwin  theory 

of  fracture  toughness  was  applied  to  the  notch  tensile  results.  The  stress 

Intensity  parameter,  K,  was  computed  from  the  relationship  K  ■  2.53  ^ 

i/  D  where  D  is  the  gross  diameter  (.250")  of  the  specimen.  Values  of 

P 

K  obtained  were  substituted  in  the  relationship  K  »  1.1  s  (d~  gross 

nTT  for  a  semicircular  crack  exposed  to  the  surface  where  a  is  the  radius 
or  depth  of  the  crack.  Theoretical  gross  area  fracture  tensile  stress, 

(T  gross,  was  calculated  for  a  crack-like  defect  .100"  deep  to  be 
approximately  19»000  psi  for  both  the  as— welded  and  heat  treated  weldments. 
The  case  investigated  concerned  application  of  teasile  stress  perpendicular 
to  the  weldment.  Additional  details  are  contained  in  Metallurgical  Summary 
Report  No.  812. 
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MATERIALS  PROGRAM  ABSTRACTS 

*  / 

MATERIAL  CLx'SSIFICATION: 

METAL;  ALUMINUM  -  b06l-7075  SHEET;  JOINING 

DESCRIPTIVE  TITLE: 

Joining  Sheet  by  Heat  and  Pressure  Rolling 


OBJECTIVE: 

Detemine  production  feasibility  and  physical  properties 
data  of  sandwich  panels  produced  by  roll  bonding  under 
heat  and  pressure. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Panels  using  conercial  techniques  have  been  produced.  Patterns  shown 
on  sketches  A  and  B  are  expanded  froa  aultilayer  flat  sheets.  Probleas 
regarding  flatness  of  skin  sheets  are  not  resolved.  The  patterns  shown 
on  sketches  C  and  D  are  foraed,  then  rolled.  Flatness  is  maintained. 


Testing  and  property  data  evaluation  is  in  progress.  Bond  strength  is 
approximately  equivalent  to  the  strength  of  the  cladding  alloy. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALOMIITOM  7075-0,;  SHEAKTORNING  CAPABILITY 

DESCRIPTIVE  TITLE: 

Inrestigation  to  Establish  HaxiauM  Angular  Shsartum 
Capability  for  7075-0  Alu■in^ui 


OBJECTIVE: 

The  establishaent  of  maxiaua  angular  liaits  for  shearturning 
7075-0  aluainua. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Data  plots  for  tested  material  having  similar  shapes  show  the  best  ^terial 
performance  on  blank  thicknesses  of  .090”  through  .190”,  The  maxiaua 
angles  for  7075-0  for  thicknesses  .040"  ^through  .190"  varied  for  l6®  to  15* 
and  back  to  l6» .  The  maximum  angular  limit  established  for  7075-0  was 
16-1/2. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL {  BERYLLIUM;  CHEMICAL  BLANKING 

DESCRIPTIVE  TITLE: 


Chemical  Milling  Beryllium  as  a  Method  of  Material 
Cutting 


OBJECTIVE: 


To  chemically  cut  beryllium  sheet  material  into  small 
specimens  by  selective  masking  and  etchingc 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Beryllium  sheet  was  completely  masked  using  a  neoprene  material  and  fine 
lines  of  maskant  were  cut  and  stripped  to  give  any  part  configuration 
desired. 

The  masked  parts  were  then  immersed  in  the  BAC  5737  chemical  milling 
solution  and  allowed  to  remain  until  the  acid  had  etched  through  the 
exposed  metal.  The  parts  were  then  removed  from  the  solution,  rinsed 
and  the  protective  mask  was  removed  leaving  detail  parts  chemically 
blanked  to  size. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 


METAL;  COLUMBIOM  ALLOTS;  BEND  DUCTILITY 


DESCRIPTIVE  TITLE: 


Bend  Ductility  of  0.02d-in.  Cb-0.75%  Zr  (FS80)  Sheet  and 
0.020-in.  Cb-33^  Ta-0.755^  Zr  (FS82)  Sheet  in  the  Stress 
Relieved  and  Recrystallii'.ed  Conditions 


OBJECTIVE; 

To  determine  the  bend  ductility  of  Cb-0.75^  Zr  sheet 
and  Z'Qf'bl>%  ra-0.7551^  Zr  sheet  with  respect  to  temperature 
in  the  stress  relieved  and  rccrystallized  conditions. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

These  alloys  were  more  formable  at  room  temperature  than  at  1200® F 
for  both  the  stress  relieved  and  i-ecrystallized  conditions.  The 
brittle-ductile  bend  transition  temperature  for  these  alloys  in 
either  condition  was  below  -320®F.  For  further  details,  see  HSR-763» 
1  August  i960. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  COLDMBIOM-10%  Ti-10%  Mo;  BEND  DUCTILITY 

DESCRIPTIVE  TITLE: 

Bend  Ductility  of  Stress  Relieved  0.020  Inch  Cb-10%  Ti- 
105^  Mo  Sheet  at  Subxero,  Room,  and  Elevated  Temperatures 


OBJEC7TVE: 


To  determine  the  tensile  and  bend  ductility  of  e  stress 
relieved  Cb-103^  Ti-10^  Mo  sheet  with  respect  to  ccaperatuite. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


The  tensile  ductility  decreased  progressively  from  room  temperature  to 
600®F.  The  bend  ductility  decreased  appreciably  from  600*F  to  1200®F. 
Tit#  bH-ttlo-ductile  b#nd  transition  was  in  the  -253“  F  to  -320®F 
temperature  range.  The  stress  relief  cycle  of  1750“F  for  one  hour  did 
not  produce  racrystallization.  For  further  details  see  MSR773*  12  Sept, 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  COLIJMBIUM-33  TANTALDM-0.?  ZIRCONIUM;  FORMING 
VARIABLES 

DESCRIPTIVE  TITLE: 

Preliminary  Evaluation  of  Columbiiim  Alloy  82 
(33  Ta-0.7  Zr-bal-Cb) 


OBJECTIVE: 


To  determine  forming  and  resistance  welding  properties 
of  0.010  gage  annealed  F.S.  82  sheet. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Foroabiiity  requirements  are  met  under  room  temperature  operating 
conditions-  Minimum  bend  radius  (E/t^  o'”*  or  less  in  both  grain 

directions.  The  formabiiity  properties  of  F.S.  82  alloy  are  comparable 
CO  the  standard  aluminum  alloys  2024-0  and  bObl-0,  Gage  and  flatness 
variations  are  slightly  greater  than  generally  found  in  standard 
aluminum  or  steel  alloys  of  similar  thickness.  Surface  roughness  of 
No.  82  alloy  is  in  line  with  other  good  quality  as-received  sheet 
stock. 

Although  slight  "gumminess"  is  observed  in  machining  of  No.  82  alloy, 
no  sticking  occurs  at  the  low  cutting  speed  used  (approximately  7*5 
surface  ft./min.;. 

The  0.010  gage  sheet  does  not  give  resistance  weld  quality  meeting 
present  standards  or  specifications.  However,  relatively  acceptable 
welds  can  be  made  by  outer  shimming  with  0.030  Cb  or  F.S.  82  stock. 

The  shim  material  may  require  mechanical  removal  because  of  sticking; 
this  should  be  done  by  machining  rather  than  peeling. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  GENERAL;  BEADING  TESTS 

DESCRIPTIVE  TITLE: 

Beading  Tests  on  Several  Alloys 

OBJECTIVE: 

The  objective  was  to  determine  the  maximum  percentage 
of  stretch  that  may  be  obtained  by  beading  a  given  material 
at  room  and  elewated  temperatures. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Beading  test  conducted  on  2024-0,  7075-T6,  annealed  AM350»  521,  HS-25t 
annealed  B120VCA,  annealed  6a1-4V,  and  annealed  Rene'  4l  showed  that  all 
of  the  alloys  with  t^e  exception  of  6a1-4V  could  be  beaded  at  room 
temperature.  Elevated  temperatures  increased  the  maximum  percentage 
of  stretch  on  .063-inch  thick  7075-T6  and  annealed  AM350,  and  were 
mandatory  for  beading  6a1-+V.  Elevated  temperatures  did  not  improve 
the  beading  characteristics  of  the  other  alloys  and  gages. 

Detail  results  are  reported  in  Test  Report  T2-1835  dated  8/9/60. 


MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  €LASSIFICATION: 


METAL;  GENERAL;  JOINT  ALLOWABLES 


DESCRIPTIVE  TITLE; 


Interface  Joint  Friction  Tests 


OBJECTIVE: 


To  deteraine  allowable  lap  joint  loads  carried  by  friction 
in  bolted  joints  subjected  to  tension,  compression,  and 
bending  loads. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Six  single  shear  and  225  double  shear  small  scale  specimens  with  1/4  or 
$/lb  inch,  IbO  KSI,  protruding  head  bolts  were  tested.  Sheet  materials 
used  were:  H-255  and  4540  steel;  2014-t6,  6061-16,  2024-T4,  and  2024-T86 
alujainum  alloys;  and  fiberglass.  Variables  examined  included  faying 
surface  finishes  with  and  without  intermixed  abrasives,  torque,  cyclic 
loading,  vibration  loading,  water  soaking,  and  loading  rates.  Results 
were  obtained  at  70® F  and  225° F. 

Tests  of  full  scale  cylindrical  specimens  provided  friction  properties 
of  single  shear  2024-T3  to  steel  and  2014-T6  to  steel  bolted  joints 
with  5/16  inch  bolts  in  clearance  holes* 

The  following  conclusions  were  drawn  from  the  test  results: 

1,  A  combination  of  zinc  chromate  on  one  surface  and  zinc 
chromate  with  20%  carborundum  provided  the  best  friction 
capability. 

2.  Torques  of  150  inch  pounds  for  steel  to  aluminum  joints  and 
1d5  inch  pounds  for  all  aluminum  joints  with  5/16  inch  bolts 
were  necessary  to  obtain  adequate  friction  loads. 

5*  Prior  slippage  resulted  in  reduced  friction  load  capabilities. 

Reference  -  BAG  T2-1767 
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MATERIALS  PROGRAM  ABSTRACTS 
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MATERIAL  CLASSIFICATION: 

METAL;  MOLYBDENUM  -  .5  Tl;  BEADING 

DESCRIPTIVE  TITLE: 

Beading  Tests  on  Mo- .5  Tl 


OBJECTIVE: 

The  purpose  of  these  tests  was  to  determine  the 
beading  capabilities  of  Ho-. 5  Ti 


•• 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


I 


C 
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Mo-. 5  Ti  sheet  paterial,  received  before  February,  I960,  can  be  beaded 
at  a  aaziaua  of  ten  percent  stretch  only  at  room  temperature.  Elevated 
temperatures  detract  from  the  formabillty  of  the  material. 

Best  results  are  obtained  when  the  saterial  is  formed  as  a  sandwich 
between  two  pieces  of  aluainem. 

Bemoval  of  the  contaminated  surface  layer  is  essential  to  obtain  maximum 
formabillty. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSB  770, 
dated  8/23/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  MOLYBDENUM-. 5  Ti;  CUTTING  METHODS 

DESCRIPTIVE  TITLE: 


Evaluation  of  Various  Cutting  Methods  on  Mo-. 5  Ti 


OBJECTIVE: 

The  purpose  of  this  program  was  to  determine  whether 
shearing,  hot  or  cold,  with  or  without  backup  produces 
acceptable  edges  in  Mo-. 5  Ti  sheet  material. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Shearing  does  not  produce  a  sa^'isfactory  edge  in  Mo-. 5  Ti  sheet 
material. 

Abrasive  sawing  produces  crack-free  edges  in  Mo-. 5  Ti,  however, 
the  edges  must  be  deburred. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSR-305, 
dated  10/31/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  M0LYBDENDM-.5  Ti;  FORMING 

DESCRIPTIVE  TITLE: 

Evaluation  of  Band«»wing,  Punching,  and  Grinding 
as  Methods  of  Cutting  Mo-. 5  Ti 


OBJECTIVE: 

The  purpose  of  this  evaluation  was  to  determine 
whether  bandsawing,  punching,  and  grinding  produced 
acceptable  edges. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

All  of  the  edges  produced  by  bandsawing  or  punching  contained 
delaminations  and  are  considered  unsatisfactory. 

Grinding  is  a  satisfactory  method  of  radiusing  corners  on  Mo-. 5  TI 
parts. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSR  804, 
dated  11/3/60. 
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MATERIALS  PROGRaM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL?  M0LIBDERUM-0.55t  TITANIUM;  FORMING  VARIABLES 

DESCRIPTIVE  TITLE: 

Investigation  of  Effects  of  Temperature  and  Surface 
Condition  on  Formability  of  Holybdenum-O.^  Titanium 
(Mo-0.5Ti)  Alloy. 

OBJECTIVE: 

To  determine  effects  of  temperature  and  prior  surface 
preparation  on  formability  of  0.010-0.020  gage  Mo-0.5  Ti 
sheet,  as  received  in  either  a)  pickled  or  b)  ground 
surface  conditions. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

A  ductile-brittle  transition  point  can  appear  around  room  temperature  in 
the  case  of  tensile  properties,  For  maximum  forming  reliability, 

Mo-0.5  Ti  sheet  may  r'^.^jirc.  preliminary  heating  to  150-200®F.  Hammer 
forming,  however  would  ha-'e  to  be  tried  at  a  higher  temperature  level 
corresponding  to  ductile-brittle  transition  temperature 

(j  oport.ed  i  the  litorc'turtt  to  be  600-700‘*F)»  Where  heating  of  the 
sheet  is  X'fquired  in  loi-ding,  tools  should  also  be  het  ed  to  minimize 
drops  in  iesint  .  lure  during  the  forming  operations. 

Hinir.tja  bend  iis-io-cjage  ratio  (IV't)  of  bv>lt-sanded  sheet  is  slightly 
low.f  :han  ftr  tli.ic  has  been  pickled  only. 

Direct’ is  pronounced  in  thin  gaga  sheet;  however,  its  effects 
may  eviuenc  1;.  ajspld  forming  operations  especially  if  run  at 

elevdlef-  tern,  i-rc,' nree 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  RENE‘  4l;  HEAT  TREATING 

DESCRIPTIVE  TITLE: 

Metallurgical  Study  of  Salt  Bath  Heat  Treatment 
of  Rene*  4l 

OBJECTIVE: 

To  determine  if  Rene*  4l  can  be  heat  treated  in  « 
neutral  salt  bath  without  the  incidence  of  severe 
surface  attack. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


A  total  of  240  .040”  Rene*  4l  sheet  coupons  were  fabricated  and 
divided  into  three  principle  groups^  the  first  to  be  tested  inemediately 
following  activation  of  the  salt  bath  facility,  the  second  to  be 
tested  one  week  later,  and  the  third  to  be  tested  on  the  fourth 
week  of  bath  operation.  Testing  of  the  specimens  within  these 
groups  consisted  of  immersion  in  the  salt  at  1975® F,  2050®  F,  and  2100® F 
for  times  ranging  from  1  minute  to  25  minutes.  The  salt  bath  used 
was  Houghton  Liquid  Heat  No.  1550,  and  rectification  to  a  1.5^  BaO 
content  was  baaed  upon  daily  checks  for  alkalinity.  The  test 
speciaeiuj  were  measured  for  thickness  before  and  after  immersion  and 
then  metallographically  examined  to  determine  the  total  depth  of 
surface  attack.  It  was  concluded  that  the  surface  attack  was  pre> 
dominantly  intergranular,  and  that  the  depth  of  the  attack  did  not 
exceed  lOOO^**. 

Details  of  woi^  are  reported  in  Metals  ?nit  Sumesary  Report  MSR*>8l9, 
dated  11-30-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

MKTAL;  RENE*  41  AND  HS-^5j  HIGH  TEMPERATURE  EXPOSURE 

DESCRIPTIVE  TITLE: 

Tha  Effect  of  High  Temperature  Exposure  on  Rene'  4l 
and  HS-25 


OBJECTIVE: 


To  show  the  effect  of  intergranular  oxidation  on 
Rene*  41  and  HS-2>  after  exposure  to  high  temperatures. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Twenty-four  tensile  specimens  were  tested  at  room  temperature  after 
exposure  to  temperatures  up  to  2000’’F  in  either  air  or  argon  atmospheres. 

Tensile  and  yield  strengths  of  Rene'  4l  were  reduced  by  exposures  to 
high  temperatures.  The  effect  was  greatest  for  the  highest  exposure 
temperature.  Exposure  in  an  air  atmosphere  was  more  detrimental  than 
that  for  the  argon  atmosphere. 

The  tensile  strength  of  HS-2ij  increased  slightly  when  exposure  to  either 
air  or  argon  atmospheres  at  high  temperatures.  The  yield  strength, 
howe'/er,  showed  about  a  20  KSI  decrease. 

Pre  cent  elongation  behaved  erratically  with  material,  exposure  temp¬ 
erature,  and  atmosphere.  The  greatest  effect  appeared  to  be  that  for 
Kene'  41  exposed  in  air  at  i6tX)®F. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  M-252  and  RENE*  41:  STRENGTH  AND  DUCTILITY 

DESCRIPTIVE  TITLE: 

The  Effect  of  Material  Gauge  on  the  Strength 
and  Ductility  of  M-252  and^Rene*  4l 

OBJECTIVE: 

To  determine  the  strength  and  ductility  characteristics 
for  .01  and  .04  gage  M-252  and  Rene’  41. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Twenty-seven  tensile  specimens  were  tested  from  room  temperature  to 
1800*F.  The  per  cent  elongation  of  both  Rene*  41  and  M-252  increased 
slightly  for  the  thicker  gage  material.  There  was -no  apparent 
difference  in  tensile  and  yield  strengths  for  M-252  in  the  .010  and 
.0^}0  gages.  The  .040  gage  Rene*  41  showed  approximately  10  KSI 
increase  over  the  .010  gage  for  both  ultimate  and  yield  strength. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 

HETALl  RENE*  4l;  WELDMENTS 

DESCRIPTIVE  TITLE: 

Evaluation  of  the  Effect  of  Cyclic  Thermal  Exposurea 
on  Haatelloy  "W"  and  Haatelloy  "X"  Weldments  in  Rene’  4l 


OBJECTIVE: 

To  evaluate  the  relative  merits  of  Hrstelloy  "W"  and 
Hastelloy  "X"  filler  alloy  for  use  it  joining  Rene'  4l. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS:  ^ 

k 


Rene'  4l  Has  fusion  welded  using  Hastelloy  "W"  and  Hastelloy  "X" 
filler  alloy.  Samples  were  welded,  aged  for  l6  hours  at  1400®? 
and  exposed  to  air  for  0,  1,  4,  and  10  minute  cycles  at  l850®F. 

After  thermal  cycling,  the  test  pieces  were  tensile  tested  at 
room  temperature,  l400,  1500,  l600,  and  l800®F. 

Test  results  revealed  a  decrease  in  room  on  elevated  temperature 
mechanical  properties  as  a  result  of  thermal  cycling.  The  mechanical 
properties  of  Hastelloy  "W"  welds  were  far  superior  to  those  of  the 
Hastelloy  "X"  welds.  Hastelloy  "W"  welds,  after  being  cycled  4  times 
or  more,  revealed  a  joint  efficiency  of  100^  as  measured  by  room 
temperature  testing. 

Hetallographic  evaluation  revealed  no  serious  detrimental  effects 
of  the  short  time  cyclic  exposures  upon  the  cicrostructure  of  the 
Hastelloy  "W"  welds. 

Hastelloy  "W"  appears  to  be  a  suitable  filler  wire  for  use  in  Rene'  4l 
when  thermal  exposures  above  1400®F  are  held  relatively  short.  In  long 
time  applications,  Hastelloy  "W"  may  be  somewhat  inferior  to  Hastelloy 
"X"  because  of  its  lower  oxidation  resistance. 

Details  of  work  are  reported  in  Metals  Unit  Summary  Report  MSR-818, 
dated  11-30-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  SILVER  BRAZING  ALLOYS;  TUBE  CONNECTIONS 

DESCRIPTIVE  TITLE: 

Braxed  Tube  Connection 


OBJECTIVE: 


To  evaluate  available  silver  braaing  alloys,  and  to  determine 
the  alloy  that  will  give  the  highest  joint  efficieney  up  to 
800*F  and  provide  the  maximum  corrosion  and  oxidation  resistance. 
Also  the  optimum  method  of  heating  for  plant  fabrication  and 
field  rework  of  a  braxed  system  will  be  evaluated. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

This  report  is  concerned  wit*:  silver  braaing  permanent  tube  connections 
and  evaluating  commercially  available  silver  brazing  alloys  from  the 
standpoint  of  flow,  wetting  of  base  metal,  oxidation  resistance,  and 
corrosion  resistance.  Tests  were  run  by  using  a  flat  disc  tack  welded, 
at  various  joint  clearances,  to  a  square  bottom  plate  and  placing  the 
alloy  in  a  predrilled  hole  in  the  flat  disc.  These  specimens  were  then 
subjected  to  brazing  temperatures  in  a  sand  sealed  retort  using  argon 
as  the  protective  atmosphere. 

Of  the  eight  (8)  alloys  evaluated,  four  (4)  were  considered  for  further 
investigation  and  are  in  order  of  preference  as  follows: 

1.  Handy  and  Harmon  BTLi  Ag  72-  cu  27.5  -  Li  0.5 

2.  Handy  and  Harmon  Lithobrase  925  Ag  92.5-Cu  7.5-Li  0,2 

3.  Handy  and  Harmon  404  Ag  40  -  Cu  30  -  Ni  5  -  Zn  25 

4.  Handy  and  Harmon  541  Ag  54  -  Cu  40  -  Ni  1  -  Zn  5 

The  selected  alloys  showed  excellent  flow  and  wetting  in  the  0.000  -  in, 
to  0,003  -  in.  joint  clearance  range.  Each  alloy  showed  minor  oxidation 
penetration  into  the  joint  although  the  corrosion  resistance  was  good  on 
all  four  alloys  evaluated. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 

METAL;  SINTERED  ALUMINUM  POWDER?  MECHANICAL  PROPERTIES 

DESCRIPTIVE  TITLE: 

Investigation  of  Soae  Engineering  Properties  of 
Sintered  Alvadnna  Powder 


OBJECTIVE: 

To  obtain  room  temperature  ultimate  tensile  strength, 
tensile  yield,  and  elongation  values  for  two  types  of 
sintered  aluminum  powder  sheet  (SAP  produced  by 
Aluminum  Industry  Aktien-Gesellschaft)  <. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Material  Class 


Ultimate  Tensile 
(psi,  Avg) 


Tensile  Yield 
0.2^  Offset 
(psi,  Avg) 


Elongation 
in  2",  Avg) 


SAP  930  SF  3A* 


38,050  33,250 


11 


SAP  895  S  68b'* 


48,300 


42,000 


9 


•  Aluminum  plus  1%  (approximate  weight)  of  aluminum  oxide. 
Aluminum  Industry  Aktien-Gesellschaft 

*♦  Aliuainum  plus  10-11%  (approximate  wieght)  of  aluminum  oxide. 
Aluminum  Industry  Aktien-Gesellschaft. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

HETAL;  STEEL:  RESIDnAL  STRESS 

DESCRIPTIVE  TITLE: 

Residual  Stress  Measurements  by  Means  of  X-Ray  Diffraction 
in  Hardened  Steel 

uiiJiiiuriVji: 

To  determine  the  magnitude  of  residual  stresses  in 
hardened  steel  parts  due  to  heat  treatment,  fabrication, 
or  installation. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  detrimental  effect  of  high  residual  stresses  in  hardened  steel 
airplane  parts  is  common  knowledge.  Application  of  x-ray  diffraction 
techniques  as  a  means  of  determining  the  magnitude  of  residual 
stresses  has  shown  that  x-ray  diffraction  techniques  can  be  used  to 
measure  stresses  in  a  part  without  either  iestroying  the  part  or 
having  to  start  with  a  aero  stress  reference.  In  the  past,  most 
x-ray  diffraction  stress  measurement  work  has  been  restricted  to 
small  parts  because  of  equipment  limitations.  The  purpose  of  this 
investigation  was  to  develop  a  technique  using  ’’film  patterns” 
which  is  applicable  to  any  size  part  or  structure,  provided  that 
certain  geometric  problems  are  net  encountered.  Accuracy  of  residual 
stress  measurements  in  4530M  steel,  heat  treated  to  ?R0, 000-240, CXX) 
psi  tensile  strength,  has  been  determined  to  be  +  10,000  psi. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

_ METAL}  STEEL  321-A}  SHEARTDRNING  CAPABILITY 

DESCRIPTIVE  TITLE: 

Investigation  to  Establish  Maxiaus  Angular 
Shearturning  Capability 


OBJECTIVE: 


To  establish  naxisum  angular  limits  for  shearturning  of 
321-A  stainless  steel* 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  data  plots  for  tested  materials  having  similar  shapes  showed  the  best 
material  performance  on  blank  thicknesses  of  .O9O"  through  .190".  The 
maximum  angles  for  321-A  were  thicknesses  of  .090"  through  .190"  varied 
from  15*  to  14®  and  back  to  15®.  Maximum  angular  limit  established  for 
321-A  Stainless  Steel  was  15®. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  AM  350  CRT  SHEET;  PROPERTIES 

DESCRIPTIVE  TITLE: 


Determination  of  Some  Engineering  Properties  of 
AM  350  CRT 


OBJECTIVE: 

To  determine  mechanical  properties,  crack  growth 
rate,  suitable  tempering  conditions  and  stress 
corrosion  susceptibility  of  AM  350  CRT  sheet. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Temper 

Condition 

Gage 

Ultimate  Tensile 
(psi,  Avg) 

Tensile  Yield 
-0.251^  Offset 
(psi,  ATg) 

Elongation 
in  2".  At/ 

1.5  Hrs. 
e  850* F 

.060 

200,600 

171,600 

29.5 

2  Hrs 
e  850* F 

.060 

199,900 

174,400 

27 

3  Hrs. 
e  850* F 

.060 

216,700 

197,400 

21 

3  Hrs. 

«  ••••F 

.060 

219,^ 

199,400 

20 

3  Hrs. 
e  950* F 

.060 

209,100 

193,200 

15.7 

Crack  growth  rate  for  AM  350  CRT  appears  to  be  less  than  that  for  AM  355  CRT 
at  stress  intensity  factor  of  25  and  greater,  where  maximaa  gross  area 
stress  3  30,000  psi,  ratio  of  maximum  gross  area  stress  to  minimum  gross  area 
stress  3  2.5  *nd  20,  T  *  70*F,  .020  gage. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  AM  350  CRT  SHEET;  PROPERTIES  (Continued) 

DESCRIPTIVE  TITLE: 


OBJECTIVE: 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


A  temperature  of  850° F  for  3  hours  appears  to  be  suitable  for  tempering 
AM  350  CRT. 

AH  350  CRT  was  not  susceptible  to  stress  corrosion  cracking  when  subjected 
to  such  media  as  alternate  Immersion  in  3.5^  sodium  chloride  solution,  cyclic 
humidity,  roof  top  weathering,  and  alkaline  soil  under  the  specific  conditions 
tested.  Stress  corrosion  cracking  appeared  to  be  caused  by  sulfur  dioxidd 
exposure;  the  susceptibility  to  stress  corrosion  cracking  was  less  for 
AM  350  CRT  than  for  AH  355  CRT. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  AM  355  CRT  SHEET;  PROPERTIES 
DESCRIPTIVE  TITLE: 

Determination  of  Some  Engineering  Properties  of 
AH  355  CRT 


OBJECTIVE: 

To  determine  mechanical  properties,  crack  growth 
rate,  suitable  tempering  conditions,  stress 
corrosion  susceptibility,  and  spotweldability  of 
AM  355  CRT  sheet. 


*  Grain  direction  longitudinal  or  tranaferse 
*♦  Grain  direction  unknown 

(Continued  on  next  page) 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 

HETALj  STEEL,  AM  355  CRT  SHEET;  PROPERTI^  (CONTINUED) 
DESCRIPTIVE  TITLE: 


OBJECTIVE: 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Crack  growth  rate  for  AM  355  CRT  appears  to  be  greater  than  that  for  AM  350  CRT 
at  Btress  intensity  factor  level  of  25  and  greater,  where  maximura  gross  area 
stress  w  50,000  psi,  ratio  of  maximum  gross  area  str^ as  to  minimum  gross  area 
stress  =  2.5  and  20,  T  =  70°F,  .020  gage.  The  rate  of  crack  growth  in  AM  355  CRT 
is  gi^ater  at  550‘’F  than  at  70°F  above  stress  intensity  factor  of  where 
ratio  of  maximum  gross  area  stress  to  mxuimum  gross  area  stress  is  20,  also  d.3% 
other  conditions  the  same  as  above. 

A  temperature  of  850° F  for  3  hours  appears  to  be  suitable  for  tempering  AM  355  CRT. 

AM  355  CRT  was  not  susceptible  to  stress  corrosion  cracking  when  subjected  to 
such  media  as  alternate  immersion  in  3.5%  sodium  chloride  solution,  cyclic 
humidity,  roof  top  weathering,  and  alkaline  soil  under  the  specific  conditions 
tested.  Stress  corrosion  cracking  appeared  to  be  caused  by  sulfur  dioixde 
exposure, 

AM  355  CRT  is  spotweldable  generally  in  the  same  gages  and  combinations  as 
austenitic  stainless  steels  (AISI  Type  302,  etc,). 


243 


/iIjKF/PJL>aA^JE 

MATERIALS  PROGRAxM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL}  STEEL,  Cr-Ri;  WELDMENTS 

DESCRIPTIVE  TITLE: 

Evaluation  of  Specific  Joints  used  in  Supersonic  Wiag 
Coaponents 


OBJECTIVE: 


To  evaluate  processing  techniques  and  determine  the  effect 
of  common  weld  defects  on  some  of  the  more  critical  joints 
applicable  to  the  Supersonic  wing. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Tee  joints  were  made  using  two  different  configurations,  one  a  two  piece 
joint  and  the  other  a  three  piece  joint  where  the  edges  of  the  throe 
pieces  are  joined  with  a  single  weld.  Welding  of  the  two-piece  joint 
was  very  cupbersoae  because  the  vertical  leg  was  not  visible  and  slight 
run-out  causes  incomplete  penetration. 

A  major  problem  of  age  cracking  developed  and  was  associated  with  the 
presence  of  an  oxide  fila  on  the  weld  underbead.  The  film  was  elioinated 
by  careful  pre-weld  cleaning,  increased  '*wAding  heat  and  by  directing  the 
flow  of  the  backing  gas  on  tc  the  underbead. 

The  effect  of  defects  such  as  porosity,  i  .elusions,  undercutting  and 
cracks  were  investigated.  It  was  found  that  porosity  and  inclusions 
had  little  influence  on  the  static  mechani cal  properties  and  that  undercut 
and  cracks  lowered  the  strength  in  porportion  to  their  sise. 


Details  are  reported  in  Test  Report  T2-l8l8, 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  LADISH  D-C;  ROCKET  CASE  FAILURE 

DESCRIPTIVE  TITLE: 


Investigation  of  Reason  for  Failure  of  Rocket  Case 


OBJECTIVE: 


Determine  any  material  factors  contributing  to  failure  of 
MH  2nd  stage  rocket  case. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  origin  of  failure  was  determined  and  various  tests  applied  to 
measure  the  material  properties. 

A  contributory  cause  of  failure  was  the  presence  of  small  cracks 
in  the  case  caused  by  spotwelding  of  foil  strips  to  the  heat 
treated  case  for  affixing  instrument  wiring. 

Details  of  work  are  reported  in  Metals  Unit  Summary  Report  MSR-787» 
dated  10-6-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

HETAL;  STEEL,  SAE  H-11;  METALLURGICAL  EVALUATION 

DESCRIPTIVE  TITLE: 

The  Evaluation  and  Proceaaing  of  New  Materials 


OBJECTIVE: 


The  object  of  this  program  is  to  determine  process 
variables  and  properties  of  new  materials  prior  to 
their  use  in  production. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


H-11  sheet  material  was  received  and  inspected  to  insure  conformance  to 
the  procurement  specification.  All  sheets  met  requirements  except  t'^e 
.l80"  thick  sheet  which  was  slightly  out  of  tolerance  in  flatness. 
Photomicrographs  were  made  of  as-received  material  and  ao-received  and 
heat  treated  material.  The  as-received  structure  was  spheroidal  and 
homogeneous.  The  heat  treated  structure  was  banded  and  shewed  evidence 
of  smgregation  but  little  or  no  decarburization. 

Tensile  ^^efimcns  were  austenitized  over  the  temperature  range  1750-2000®F 
and  air  cooled.  All  specimens  were  double  tempered  at  1050*F.  The  results 
of  testing  indicated  that  the  optimum  tempering  temperature  was  about  l850*F. 
However,  test  values  were  abnormally  low  which  suggested  possible  decarfcuri- 
sation  in  the  salt  pot,  that  was  used  for  austenitising.  Metallographie 
examination  indicated  about  ,005"  decarburisation  which  accounted  for  about 
of  the  total  specimen  cross  section.  Since  the  purpose  of  these  tests 
was  to  determine  optimum  austenitizing  temperature,  the  results  are  valid. 
However,  absolute  values  are  inaccurate. 


(Continued  on  next  page) 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL_CLASSIFICATION: 

METAL:  STEEL,  SAE  H-llf  METALLURGICAL  EVALUATION  (Continued) 

DESCRIPTIVE  TITLE: 


OBJECTIVE: 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


To  eliainate  difficulties  encountered  with  decarbur. nation,  a  short 
study  of  salt  bath  conditions  existing  at  the  time  of  austenitixing  was 
made.  It  was  found  that  normal  salt  bath  rectification  with  a  carbon 
rod  was  not  sufficient  unless  the  salt  was  relatively  fresh. 

Using  the  optimum  austenitizing  temperature  of  1850®F,  tensile  specimens 
were  double  and  triple  tempered  in  the  temperature  range  of  950°F  to 
1500® F.  Very  little  difference  was  noted  in  double  and  triple  tempering. 
A  secondary  hardening  peak  was  found  at  about  975® F.  Hetallographic 
examination  was  made  of  specimens  over  the  entire  range  of  temperature 
and  for  both  triple  and  double  tempering.  X-ray  diffraction  was  used 
to  determine  the  percentage  of  austenite  present  in  these  specimens. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIl-'iCATION: 

HETAL;  STEEL  4330H;  EXPLOSVE  FORMING 

DESCRIPTIVE  TITLE: 

Effect  of  Explosive  Forming  on  Mechanical  Properties 
of  433OH  Steel 


OBJECTIVE: 

To  assess  the  effect  explosive  forming  has  upon  mechanical 
properties  when  the  process  is  used  for  sizing  pui^poaes, 
i.e.,  the  sizing  of  cylindrical  pressure  vessels  components 
requiring  close  tolerances. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  steel  sheet  strained  quasi-statically  demonstrated  acceptable  isotropic 
properties-,  indicating  that  prior  ad.ll  history  had  little  affect  upon  thr 
explosive  forming  portion  of  the  program. 

Prestrained  material  subjected  to  additional  straining  resulting  from 
explosve  forming  accentuates  directionality  the  material.  Serions 
degradation  of  mechanical  properties  may  result. 

The  results  of  this  research  project  has  been  reported  in  Metals  Unit 
Summary  Report  No.  MSR-779i 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL  4330M;  TEAR  RESISTANCE 

DESCRIPTIVE  TITLE: 

Effect  of  High  StreM  Levels  Upon  Tear  Resistance 
of  433OH  0.080«  Thick  Sheet  Material 


OBJECTIVE: 

To  determine  the  effect  of  high  nominal  stresses  upon 
tear  resistance  and  evaluate  dimensional  and  test  eet-up 
requirements  for  Griffith-Irwin  flat  specimen. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  Bie  tear  resistance  (G  )  remains  unchanged  for  nominal  stresses  up  to 

c 

the  proportional  strength  limit  (W  offset)  for  the  material  tested. 

2«  For  the  stress  levels  above  the  proportional  imit  the  tear  resistance 
(G^)  drops  at  a  constant  rate  according  to  the  following  equation. 


Where:  E  =  Modulus  of  elasticity 

=  Nominal  (gross)  stress 
Ult  =  Ultimate  strength  for  the  material 
PL  =  Proportional  strength  limit  at  0^  offset 

3.  The  experimental  tear  resistance  values  (Q^)  determined  on  flat  specimens 
with  identical  crack  (2.0  inches)  but  of  varying  widths  (up  to  20.0  inches) 
have  shown  a  linear  dependence  upon  absolute  width  dimensions.  The 
question  of  possible  additional  dimensional  requirements  and  limitations 
of  Irwin's  dimensional  correction  factor  are  being  further  explored. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  4330M  and  300H:  HEAT  TREATING 

DESCRIPTIVE  TITLE: 

Unconventional  Heat  Treating  Techniques  for 
Strengthening  Steels 


OBJECTIVE: 


To  investigate  4330M  and  300M  steexs  heat  treated  by 
four  new  heat  treating  techniques  aiming  for  optimum 
properties  of  strength  and  ductility. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

A.  Stress  TemperiPK  -  Stress  tempering  of  4330M  steel  increased  the 
ultimate  strength  from  235  ksi  to  31^  ksi,  the  yield  strength  from 
185  ksi  to  284  ksi  but  reduced  the  ductility  from  851^  elongation  to  35t» 

B.  Stress  Transformation  -  Stress  transformation  techniques  appeared  to 
improve  slightly  the  ductility  of  vacuum  melted  300H  steel  from  4256  RA 
to  505^  RA  approximately. 

-C.  Stress  Austenitizing  -  This  technique  improved  slightly  the  strength 
of  vacuum  melted  300M  steel  from  286  ksi  to  298  ksi  without  effecting 
the  ductility. 

D.  Bassett  Treatment  greatly  increased  the  strength  of  vacuum  melted 
30OH  steel  (Ftu  from  280.6  to  340  ksi;  Fty  from  237  to  340  ksi)  but 
reduces  the  ductility  (56  RA  dropped  from  42,3  to  27).  This  heat 
treatment  had  a  marked  surface  effect  which  was  partiail-^  removed  by 
machining  away  the  surface  after  treatment.  Use  of  the  nojtsial  tempering 
temperature  for  this  material  will  restore  the  properties  to  values 
similar  to  those  obtained  by  normal  heat  treating  practices. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  45^0;  Ni  PLATE;  FATIQPE  TESTING 

DESCRIPTIVE  TITLE: 

Fatigue  Testing  of  4340  S.R.  Moore  Specimens 
Plated  with  Bart  Laboratories  SHD  Nickel 


OBJECTIVE: 

To  determine  the  effect  of  the  Bart  SHD  nickel 
plating  system  on  fatigue  strength  of  4540  stsel 
HT150-170,000  psi. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Thirty-six  (56)  R.  R.  Moore  specimens  were  tested  in  this  study. 
Varying  the  conditions  under  which  the  Bart  SHD  nickel  plate  (i.e. 
current  density,  pH,  and  additional  agent  concentration)  is  deposited 
has  a  corresponding  effect  on  the  endurance  limit  of  4340  steel  spec¬ 
imens.  Reductions  in  the  endurance  limit  of  from  10  to  20^lo  were 
noted.  Additional  test  work  is  required  to  pursue  more  fully  the 
effect  of  the  individual  plating  variables. 

The  Bart  SHD  nickel  plating  system  ss  e'  <  herein  as  part  of  an 

overall  program  to  improve  the  erosion  /•  nee  of  metal  rotor 

blades  consists  of  ,001"  thick  cyanide  zinc,  ,0005"  copper,  and 
,005"  SHD  nickel. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  45^0;  QUENCH  CRACKING 

DESCRIPTIVE  TITLE: 

Cracking  During  Heat  Treat  Quench 

OBJECTIVE: 

Determine  cause  for  rash  of  cracking. 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  Oil  quenching  of  4^40  critical  dynamic  helicopter  part  caused 
high  percentage  of  cracking. 

2.  It  was  found  that  the  particular  configuration  and  section  change 
of  this  particular  part  could  not  withstand  the  severity  of  an 
oil  quench. 

3*  The  problem  was  disposed  of  by  martempering. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  PH  15-7  Mo;  RESIDUAL  STRESSES  -  WELDMENTS 

DESCRIPTIVE  TITLE: 

Residual  Stresses  in  Welded  PH15-7Mo  Sheet 


OBJECTIVE: 

To  investigate  the  extent  of  residual  stresses  inherent 
in  welding  rigid  structures  and  to  examine  several  methods 
of  effecting  stress  relief. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Large  panels  (24"  x  30")  of  .080"  gage  PH15-7Ho  sheet  were  spot  brazed  to 
a  rigid  frame  and  welded  using  semi-automatic  TIG  welding  equipment.  The 
stresses  set  up  by  welding  were  measured  by  electric  strain  gages  and 
"Photostress"  using  the  direct  reading  method  rather  than  by  a  relaxation 
method.  It  was  found  that  the  "Photostress" , was  not  satisfactory  for  this 
application  because  of  the  intense  heat  of-  the'  welding  arc  in  close 
proximity  to  the  "Photostress". 

Stress  measurec'jnts  revealed  that  residual  stresses  of  up  to  19*000  psi  in 
the  transferse  direction  and  up  to  l4,000  psi  in  the  longitudinal  direction 
were  present  after  wslding  the  panels  with  a  single  pass.  It  was  found 
that  the  length  of  the  weld  influenced  the  longitudinal  stresses  but  not 
the  transverse  stresses.  Multiple  pass  welding  increases  both  the  shrinkage 
and  residual  stresses  in  the  transverse  direction  but  does  not  influence  the 
longitudinal  stresses  by  a  significant  extent.  Localized  repair  welding 
increases  the  residual  stresses  (both  directions)  by  a  factor  of  2. 

Moderate  spot  peening  and  mechanical  removal  of  the  weld  crown  have  almost 
no  influence  on  stress  relieving  the  weld.  Preheating  the  joint  by  use  of 
an  oxyacetelyne  torch  mounted  a  few  inches  in  front  of  the  welding  arc 
reduced  the  residual  stresses  by  approximately  10%. 

Details  are  reported  in  Test  Report  T2-l8l7*  dated  2-2-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  17-7  PH;  SPRING  FAILORE 

DESCRIPTIVE  TITLE: 


Investigation  of  Failed  17-7  PH  Gres  Springs 


OBJECTIVE: 

To  determine  cause  of  failure  of  tension  spring. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  Fracture  occurred  in  fatigue  at  0.  D.  surface  of  coll. 

2.  Nucleus  in  untransformed  skin  on  surface  of  wire  at  pit. 

3.  Untransformed  layer  at  surface  several  thousand  deep  believed 
caused  by  carbon  or  nitrogen  pickup  during  thermal  treatment. 

4.  Core  hardness  of  spring  wire  was  DPH  620  (300,000*  uts)  as 
compared  with  surface  hardness  of  DPH  420  (200,000  uts). 

3.  Armco  Steel  Corp.  and  the  spring  vendor  are  participating  in 
the  iavestlgation. 

6.  Reduced  fatigue  strength  of  surface  layer  with  stress  raiser 
(pit)  apparently  cause  for  fatigue  failure. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL  17-7  PH;  STRAIN  AGING 

DESCRIPTIVE  TITLE: 

Strain  Aging  of  17-7PH  Ste*l 


OBJECTIVE: 

To  study  the  effect  of  strain  aging  on  tensile  properties 
of  17-7PH  in  the  following  heat  treat  conditions: 

A.  RH  IICX)  per  BAG  86O0  C,  Predoainantly  austenite 

B.  RH  1100  with  high  D.  Predominantly  martensite 

austenite  content 

ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  No  embrittlement  due  to  strain  aging  in  all  conditions. 

2.  Yield  strengths  increased  after  strain  aging  in  all  conditions. 

3.  The  low  carbon  martensite  of  17-7PH  is  quite  ductile  possessing  a 
tensile  strength  of  150  ksi  and  4056  R.A. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATEmAL  CLASSIFICATION: 

METAL;  STEEa,,  T-1  AND  NAX-TRA-90;  FUSION  WELD 

DESCRIPTIVE  TITLE: 

Fusion  Welding  Evaluation  of  T-1  and  NAX-TRA-90  Steel 


OBJECTIVE: 

To  determine  the  relative  fusion  weldability  of  NAX-TRA-90 
steel  vs.  T-1  steel  and  to  evaluate  the  welds  for  quality, 
consistency,  strength,  crack  susceptability,  and  ductility. 


I-. 


I 
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ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  weldability  of  the  two  steels  was  found  to  be  excellent,  but  the  T-1 
material  exhibited  a  slightly  greater  tendency  to  crack  during  welding 
than  did  the  NAX-TRA-90. 

The  mechanical  property  valiiea  were  generally  within  the  range  expected 
for  welds  in  those  two  steels;  100,000-112,000  psi  yield;  115,000- 
126,000  psi  ultimate  for  T-1  and  90,000-95,000  psi  yield,  110,000- 
120,000  psi  ultimate  for  NAX-TRA-90  when  the  base  material  is  properly 
heat  treated. 

The  use  of  preheat  and  postheat  was  found  to  be  unnecessary  to  prevent 
cracking  in  these  two  materials  for  the  degree  of  restraint  which  was 
normally  possible  to  achieve  under  laboratory  conditions.  Preheat  and 
postheat  actually  proved  to  be  detrimental  to  the  mechanical  properties 
with  the  yield  strength  being  affected  to  the  greatest  extent. 

Details  of  the  program  are  reported  in  T2-1588, 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION; 

METAL}  TANTALOH-lOW}  BEKD  RADIUS 

DESCRIPTIVE  TITLE: 

Preliminary  Minimum  Bend  Radii  of  Ta~10W  at  Room 
and  Elevated  Temperatures 


OBJECTIVE; 


This  work  was  to  determine  the  minimua  bend  radii  of 
'i'a-lOW  at  room  and  el&vated  temperatures. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


The  bend  ductility  of  Ta-lOV  in  the  "as  received"  and  stress  relieved 
conditions  decreased  slightly  as  temperature  was  increased  from  rcoa 
to  1200°?.  Bend  ductility  of  recrystallized-Ta-lOW  did  not  change 
significantly  as  temperature  was  increased. 

Detail  results  are  reported  in  Metals  Unit  Summary  Report  MSR-790, 
dated  9/20/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  TANTALUM;  SPISHINQ 

DESCRIPTIVE  TITLE: 

Manual  Spinning  of  Commarcially  Pure  Tantalum 


OBJECTIVE: 

Tb  8  work  was  to  spin  two  parts  of  commercially  pure 
tantalum  for  use  as  closures  on  a  cylinder. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Coaca?rcially  pur«  tantalus  can  be  manually  spun  at  room  teriperature  to 
cylinirical  and  spherical  shapes.  The  tantalum  materials  has  similar 
spinning  characteristics  to  mill  annealed  3003-0  except  chat  the  fores 
required  to  mate  the  material  to  the  mandrel  compares  -j.ch  that  required 
for  mill  annealed  2024-0. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  bAl-4v  TITANIUM;  CREEP  STUDIES 

DESCRIPTIVE  TITLE: 

Creep  tests  of  6A1-4V  titaniua  alloy  under  conditions 
of  constant  and  varying  stress. 


OBJECTIVE: 

To  evaluate  t<o  semi-eaipirical  nethods  of  predicting 
cuiaulatLve  cre^'p  deformation  occurring  under  conditions 
of  constant  temperature  and  varying  stress. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Fifteen  specimens  were  creep  tested  under  conditions  of  constant  or 
varying  stress  levels  at  1000,  1100,  1200®F,  The  results  were 
compared  to  strain-hardening  and  time-hardening  methods  of  predicting 
cumulative  creep.  The  strain-hardening  method  best  predicted  the  strain 
obtained  from  the  cumulative  creep  testing  conducted  in  this  program. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  TITANIUM-B-i20  VGA;  FORMING  VARIABLES 

DESCRIPTIVE  TITLE: 

Preliminary  Evaluation  of  B-120  VCA  (All  Beta) 
Titanium  Alloy 


OBJECTIVE: 

To  ixrremtigate  formability  properties  of  solution- 
annealed  "All-Beta"  Ti  alloy  sheet  (0.021?  gage)  by 
true-stress  true-strain  analysis  of  tensile  data. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  General  formability  is  good  at  room  temperature,  with  minimum 
bend  radius  of  IT;  however,  streteh-formability  and"  "spin-ability" 
factors  are  marginal.  A  small  improvement  in  formability  properties 
is  observed  at  higher  temperature  (500*F). 

2.  A  yield  point  dicontinuity,  which  could  lead  to  stretcher  strains 
in  forming,  appears  at  room  temperature  and  is  accentuated  by 
higher  strain  rate.  This  sharp  yield  point  is  eliminated  at  1j00®F. 

3.  Forming  at  about  300® F  should  be  tried  when  room  temperature 
operation  gives  marginal  results.  This  applies  particularly  to 
spinning  and  etretch-foraing,  or  to  drawing  that  is  found  to  produce 
stretcher  stz-ains  and  fluting. 

Ho  Springbuck  is  comparatively  high  (o.g.  205t  at  bend  radius  of  IT); 
appropriate  allowance  should  be  made  in  tool  set-up  and  design. 

5.  Grain  direction  has  no  pronounced  effect  on  forming  characteristics. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

MExaLi  TUNGSTEN;  FOKHNG  VARIABLES 

DESCRIPTIVE  TITLE: 

Preliadnary  Evaluation  of  Fabrication  Properties  of 
Tungsten  Sheet 

OBJECTIVE: 

To  determine  forming  properties  of  tungsten  sheet,  with 
investigation  of  principal  manufacturing  operations  and 
fabrication  of  a  typical  leading  edge  configuration. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Results  show  the  necessity  of  hot-forming  the  sintered  and  rolled  sheet 
at  about  800®F.  Stress  relief  may  be  done  below  2200®F  (e.g.  1800-2000) 
without  recrystallixation  embrittlement.  Chemical  cleaning  and  descaling 
can  be  done  with  standard  nitric-hydrofluoric  acjd  or  caustic  solutions. 
Chou  milling  is  not  feasible  because  of  laminated  structure. 

Although  machining  develop?lent  was  adequate  to  produce  components  for 
the  leading  edge,  the  processes  used  were  not  completely  successful;  in 
grinding,  abrasive  cutting,  milling,  faaadsawing  and  drilling,  the 
tungsten  had  a  tendency  to  flake,  delaminate  and  crack.  TIG  fusion 
welding  joints  were  '.ow  in  both  strength  and  ductility,  and  subject 
to  fracture  under  slight  impact  or  restraint. 
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1.  MATERIAL  CLASSIFICATION:  Corrosion 

2.  TITLE:  Environmental  Materials  Studies  for  Advanced 

Organic  Moderated  Reactors 

3.  OBJECTIVE:  To  obtain  dynamic  corrosion  test  data  on  materials 
exposed  to  polyphenyl  coolants  used  in  organic  moderated  and  cooled 
nuclear  reactors.  Areas  of  particular  interest  include  the  effects 
of  flow  rate  and  impurity  content  on  corrosion  rates,  the  nature 

of  the  corrosion  products,  and  the  types  of  corrosion  products 
released  into  the  coolant  stream  by  materials  now  used  and  proposed 
for  use  in  organuc-cooled  reactors.  This  is  an  extensive  effort. 

it.  abstract  of  results  or  CONCLDSIONS: 

The  following  table  shows  the  weight  change  results  cn  a  number  of 
materials  exposed  for  720  hours  to  800®F  Santowax  OMP  with  a  500  ppm 
water  addition. 


CORROSION  RATES  OBSERVED  IN  RUN  Ik 
(mg/cm^  -mo) 


faterial  1 

7.5  fps, 

Liquid* 

Static,  Vapor 

A2_?3  Steel 

-9.15,  -9.20 

-8.72, 

-10.1 

-1.82,  -1.70 

t_C  SS  (12  Cr) 

+0.03 

+0.02 

+0.06 

tOe  SS  (13  Cr,  4  Al) 

-0.02 

-0.02 

+0,02 

Beryllium 

+0.05 

+0.03 

-0.02 

Nc  (High  Purity) 

+0,78 

+0.72 

+0.74 

Nc’  (Less  Pure) 

+0.81 

+0.72 

+0,64 

1100-S  A1 

->■0.19,  +0.12 

+0.11, 

+0.09 

+0.05,  +0,03 

M-25'7,  Heat 

Nr.  602307 

+0.08 

+0,09 

+0.05 

N-257,  Heat 

No.  602614 

+0.15 

+0.12 

+0,07 

M-257*  Impact 
Extruded  Tube 

+0.02 

+0.09 

+0.05 

M-583i  Impact 
Extruded  Tube 

+0,07 

+0.07 

+0.06 

Sircaloy  II 

-11.7 

-1.7 

+0.20 

ATR  ()4  %  Mo,  >s  g 

Cu,  Bal  Zr;  a 
Canadian  alloy) 

-55.6 

-30.8 

+0.51 

laj  'Ai_u  :-!jy 
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other  autoclave  test  work  has  shov/n  the  undesirability  of  pei-mitting 
the  water  content  of  the  organic  coolant  to  exceed  1000  ppm  when  aluminum 
or  APM-clad  fuel  elements  are  used.  Niobium  is  embrittled  by  nitriding 
as  a  result  of  using  nitrogen  as  a  cover  gas.  The  ferritic  and  austen¬ 
itic  stainless  steels  have  shown  excellent  resistance  to  attack  under 
all  conditions  tested  to  date.  Beryllium  has  also  exhibited  good 
resistance  to  attack.  Magnesium,  copper  and  zirconium  alloys  are  un¬ 
suitable  due  to  oxidation  or  hydriding. 

This  work  was  AEC-sponsored, 

Submitted  by  Atomics  International  Division 
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41»8 


rt^i 


other  CoigpoQS  at  23,2  f^s 


Cro, 


-t0.lS*«c  +0*12  +Ool2HKt- 


-*-0.02  +).01 


In  addition,  six  coupons  of  1100  alumimm  vhich  vere  exposed  hours  at  ll.u 
were  clean  and  hright  althou^  hadly  worn  by  abrasion. 


«  Large  weight  loss  caused  by  abrasion;  results  based  on  appearances. 

**  Averaged  for  three  dcplicate  specirsans. 

*«*  For  one  speciaen  only;  the  dt^illcates  suffered  abrasion  wel^t  losses. 
Index  Ho. 
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In  general,  the  corrosion  resistance  of  alumlnua,  JJS?-901 
(in^iroved  M~257)  and  stainless  steels  Type  304  and  k06  were 
excellent.  There  probahiy  is  no  significant  difference  ‘between 
the  results  obtained  for  any  of  the  Crolpys  and  carbon  steel. 

This  work  was  ABC-sponsored  and  was  performed  by  Atomics  International 
Divlsloa. 
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1.  MATERIAL  CLASSIFICATION:  Corrosion 

2.  TITI^t  Physical  Chesiistry  of  Oxide  Filins  on  Zirconiim 

and  its  Alloys 

3.  OBJECTIVE:  To  obtain  fundamental  inforaation  concerning  oxide 
films  on  zirconium,  to  help  understaiod  the  swchanisBS  by  ^ioh 
zirconiia  is  oxidized  in  Tario\:»  fiwdia  and  to  understand  the 
transport  of  Iqrdrogen  through  oxide  filae*  Results  of  the  study 
should  aid  in  a  better  understanding  of  the  ocrrosion  and 
hydrogen  stteittleaent  of  zireoni\ai  and  its  alloys.  This  is  an 
extensive  effort. 

4.  ABSTRACT  Cf  RESULTS  OR  CQJICLPSIOK: 

A  diffusion  coefficient  for  hydrogen  through  oxide  films  on 
zirconium  has  been  detersdned.  Resulting  value  is, 

D  5  X  lO-*^  eip-(30,(XXD/RT)  em^  see  “1. 

T  This  value  eosiparos  well  with  that  for  the  diffusion  of  hydrogen 
into  Zr02  powder  samples. 

D  5.9  X  10  -7  axp-(30,000/ilT)  ca2  sec 

Above  a  tempera t^a•e  of  500®C,  neither  airooiaium  noc  any  of  the 
alloys  studied  (Sn,  Mo,  Al,  or  Ziroaloy  2)  have  exhibited 
transition  from  perabolio  to  linsar  rztss  when  oxidised  in 
liquid  sodium.  Transition  has  been  obssrved  for  all  of  the 
allays  sxeept  Xliremloy  2  and  purs  zirconium  in  ths  teiQisrature 
range  400  to  500oc.  The  rate  of  oxidetion  of  Ziroaloy  2  in 
sodiim  is  independent  of  oxygen  concentration  above  10  ppm. 

%is  work  is  AEC-sponaored. 


Submitted  by  Atocdes  International  Division. 
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1.  mmua,  ccrro«iM 

2.  TITLES  Carrosioo  of  Jo-Bolts 


3.  Mciiyg» 

A  B99bor  of  JoBolts  hsTo  boon  fsllliig  in  sorTios.  It  is  thought  that 
eorrosion  nay  bs  eontrlbutlng  to  this  JoBolt  fallura  jroblsa.  0ns 
of  the  itsM  to  bo  tested  is  the  detrinental  affeot  on  JoBolts  due  to 
the  oorrosioa  of  the  osposed  uxqproteoted  frsoturod  skin  after  installa¬ 
tion*  Sffeet  of  proteotire  Bsaauras  around  the  heads  of  firactures  is 
also  to  be  tested  uniwr  this  United  progran* 


Ro  data  available,  gstinated  eo«pletion;  loTenber  1961.  This  work 
is  being  psrfcmed  under  Bureau  of  lav%l  Weapons  sponsorship  by  the 
ColuBd>ua  Division. 
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NJU)l-1049-2 

4-15-62 


1.  MATEaiAL  CL4SSIFICATtOH'  Corrosion 

2.  TITLE:  Corrosion  of  Jo-Bolts 

3.  OBJECTIVE; 

A  niaaber  of  Jo-Bolts  have  baon  falling  in  servlcs.  It  la  thought  that 
cceToslon  nay  b«  contributing  to  this  Jo-Bolt  failure  problen.  One  of 
the  Itess  to  be  tested  is  the  detriBsntal  effect  on  Jo-Bolts  due  to  the 
corrosion  of  tba  exposed  improteoted  fractured  skin  after  installation. 
Effect  of  protectiTe  Masurcs  around  the  beads  of  fractures  is  also  to 
be  tested. 

4.  AEgiMg 

Ibst  asseeblles  sixiiilated  aircraft  structure  of  2020-T6  naterlal  using 
F-200  series  Jo-Bolts  for  attaohMnt.  Metal  treatnent  included  sulfuric 
acid  anodise  aikl  cheaical  fils  (Alodine  #1200).  Speciasns  were  exposed 
to  100?  relatiTS  hisddity  atnosphere  at  80  :F  and  120<7  both  with  tlw 
fractured  Jo-^olt  steas  and  heads  protected  with  wash  priaer  (MIL-C-8514} 
and  unprotected. 

First  r\:i8t  detection  on  the  unprotected  stMS  occurred  after  120  hours  at 
80OF,  100^6  R.H.  with  heavy  rust  oncnistation  observed  after  an  additional 
120  hours  at  120«F,  lOOJt  R.H.. 

Protected  fraettred  steas  showed  first  traees  of  rust  after  430  hours 
(120  hours  «)«r  plus  310  hours  120*9,  lD0?f  R.H.).  So  detectr.ble  in¬ 
crease  ms  noted  at  506  total  hours  when  test  was  ooncluded. 

The  use  of  wash  priaer  (HIL-C-8524)  i*  suffieient  to  prevent  rusting  of 
fractured  Jo-Bolt  steas  during  aircraft  asssably  and  ncraal  storage  periods 
prior  to  painting  of  the  eoapleted  ship. 

This  work  was  of  Halted  aagnitude,  and  sponsored  by  the  Bureau  of  Saval 
i^pons  at  the  eolts^Kis  Division. 


Index  go.  20&A 


BA^l-4Q49-l 


1.  mmiL.skiaasmm<mi  c«rrMiea 

2.  TIUKt  InUrfrattalar  C«rrwleB  is  Ororhsatsd  Stabilisai 

Stslalsis  Stsbls. 

3.  ganscnai 

To  dotsmlM  vlwthsr  faMtisf  stsbiUssu  steisloss 
stools  (921,  947}  at  toiqporaturos  to  200*^  as  otevrs 
dtriog  braslQc  oporatioas  has  a  Aslotorloos  offoat  oa 
tbs  rosistaaea  d  tbo  alloys  to  iatargrasnlar  attaak. 

9iis  work  VOS  a  llaltod  prcfraB. 

4.  ^aicT  g.asm  a 

^Mot  saaplos  wara  aaDoalod  for  90  ■iautas  at  tai^ioraturos 
of  liOO,  1900,  ZOOOg  2100  and  2200^,  and  wata?  qusBsbad. 
Tbay  wora  than  Baasitlsad  at  12007  for  2  hovrs,  axposad 
la  a  staadard  Straoss  tost  for  48  hoars  and  axaBiasd 
■atallofraphlaally.  It  was  fovi^  that  iatargraaalar 
attack  is  a  prablsM  in  921  stainlaaa  staal  haatad  abova 
20007,  bat  that  th»  347  uas  not  attaskad  in  that  nay 
tq[>  to  22007. 

Ibis  uork  vas  oonpasgr  sponsorad  bgr  Rookatdjma  and  is 

acqplabs. 
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HA-6l>iel(9-.2 

^15-62 


1,  MATERIAL  CLASSIFICATIONt  Corrosion 

2*  TITLEt  Sea  Water  Corrosion 

3»  OBJECTIVE:  A  aoderate  effort  to  determine  the  effect  of 

sea  water  on  the  physical  and  chemical  properties  of 
the  materials  of  construction  on  tho  G26B  engine* 

Included  in  the  studies  of  the  components  w?ll  be 
the  determination  of  residual  stresses,  the  examina¬ 
tion  for  the  various  types  of  corrosion,  the  effect 
on  elastomeric  compounds  and  other  similar  examination* 

li,  ABSTRACT  OF  RESULTS  OR  COHCLUSIOHSt 

Macro  examination  of  the  various  materials  showed  that  the 
elastomeric  compounds,  such  as  the  Kel-F  seals,  the  nylra 
coating  of  electrical  wires,  Buna-H  0-rings  appeared  to  b® 
least  affected.  The  galvanic  corrosion  of  dissimilar  metals 
was  clearly  demonstrated.  Every  metal  has  a  certain  inherent 
electrical  potential;  and  where  one  metal  is  placed  in  con¬ 
tact  with  a  metal  of  a  different  potential  in  the  presence  of 
an  electrolyte,  such  as  sea  water,  an  electric  current  flows 
from  one  metal  to  the  other,  resulting  in  the  dissolution  of 
the  more  anodic  metal.  The  severity  of  tlie  corrosion  caused 
by  dissimilar  metal  contact  can  be  predicted  by  the  axKumt 
of  difference  in  the  electrical  potential  of  the  metals  in¬ 
volved,  The  aluminum  alloy  sand  casting  were  severely 
attacked,  whereas,  nickel  and  stainless  stedL  were  tindamaged* 

Metallographic  studies,  including  ndcrosectioning,  will  be 
conducted  to  determine  the  extent  of  galvanic  corrosion  and 
loss  of  other  physical  properties* 

Residual  stress  studies  of  201^  ST  aluminum  alloy  LDX  done 
indicated  that  stress,  lines  were  present.  The  stresacoat 
pattern  revealed  on  the  interior  surface,  mild  unlaxlaX 
tension  at  the  inside  diameter  progressing  to  biaxial 
tension  in  the  flat  section  to  the  outer  flange  area,  Cn 
the  outer  flange  area  itself  was  uniaxial  compression*  On 
the  exterior  surface,  it  was  all  compression  progressing 
from  uniaxial  at  the  internal  diameter  to  biaxial  in  the 
flat  section  to  uniaxial  at  the  outer  flange  area.  All 
values  of  compression  and  tension  were  low  but  sufficient 
to  cause  stress  corrosion.  This  work  is  being  p>erfoiaed 
by  Rocketdyne,  sponsored  by  NASA,  and  is  approxlaately 
3556  complete* 
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[-d,K)( 


Title  -  T.R.  No.  513“297>  Delayed  Failure  of  Steel  Components 
in  Aqueous  Environment . 


Objective  -  The  delayed  failures  of  cadmium  plated  -  l80  to  200  KSI 
hardened  steel  fastener  components  under  clamping  loads  and  exposure 
to  aqueous  environment  have  been  attributed  to  hydrogen  embrittle¬ 
ment/stress  corrosion.  The  evolution  of  hydrogen  may  be  attributed 
to  local  galvanic  cell  action  made  possible  by  ruptures  or  scratches 
through  the  cadmium  plating.  The  objectives  of  this  test  program 
are  to  substantiate  or  disprove  this  hypothesis  and  to  determine 
whether  vacuimi  cadmium  plating  is  superior  to  cyanide  cadmium 
plating  for  exposure  to  this  type  of  environment.  The  scope  of 
this  evaluation  will  include  the  following: 

a.  Tensile  properties  of  unplated  smooth  and  notched  specimens 
in  a  dry  environment  and  wet  environment  of  1  weight  percent 
NaCl  solution. 

b.  Sustained  load  test  at  8C^  of  ultimate  tensile  strength  for 
100  hours  duration  of  unplated  smooth  and  notched  specimens 
in  a  dry  environment  and  wet  environment  of  1  weight  percent 
NaCl  solution. 

c .  Sustained  load  test  at  8o^  of  ultimate  tensile  strength  for 
100  hours  duration  of  cyanide  cadmium  plated  and  vacuum 
cadmium  plated  smooth  and  notched  specimens  in  a  dry  environ- 
and  wet  environment  of  1  weight  percent  NaCl  solution.  The 
cadmium  plated  specimens  to  be  exposed  to  the  aqueous 
environment  under  sustained  load  will  be  scratched  prior  to 
exposure  in  order  to  establish  anodic  and  cathodic  areas  in 
the  specimen  gage  length.  Scratches  will  be  3/l6"  to  1/4" 

in  length,  centered  longitudinally  in  the  specimen  gage 
length  and  equally  spaced  every  90°  around  the  circumference 
of  the  specimen. 


Status  and  Results  -  Specimens  for  this  test  program  are  being 
machined  at  the  present  time. 
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REPORT 

MODEL 


1.0  Index  Code  .  ....  (FeUH-3,  Plst-10)(l-d,e,h,k) 


2.0  Title  -  T.R.  513-255>  Investigation  of  Hydrogen  Embrittlement  of 
Silver-Plated  U3U0  Steel  at  Various  Strength  Levels. 


3.0  Ob,^ active  -  To  investigate  the  hydrogen  embrittlement  suscept¬ 
ibility  of  silver  plated  43^0  steel  in  the  strength  ranges  of 
180-200  KSI,  220-240  KSI,  and  26O-28O  KSI.  The  scope  of  this 
test  program  will  include  determination  of  the  following: 

a.  Hardness  end  tensile  properties  of  unnotched  bare  specimens. 

b.  Notched  tensile  strength  and  hardness  of  bare  specimens. 

c.  Static  fatigue  properties  of  silver  plated  notched  specimens. 

d.  Static  fatigue  properties  of  bare  notched  specimens. 

e.  Static  fatigue  properties  of  bare  notched  specimens  which 
have  been  chemically  cleaned  for  plating. 


4.0  Status  and  Results  -  The  laboratory  test  work  has  been  completed 
and  the  test  report  is  being  prepared .  Test  results  indicate 
the  following: 

a.  Cleaning  process  prior  to  plating  did  nor  produce  hydrogen 
embri-tlemcnt. 

b.  Plating  produced  seme  embrittlement  and  a  three-hour  bake 
of  plated  specimens  accelerated  failure. 

c.  A  23-hour  bake  improved  the  static  fatigue  life  of  all 
spocimens  loaded  to  75^  of  notched  tensile  strength. 

d.  No  appreciable  data  was  obtained  from  specimens  loaded  at 
90^  of  notch  tensile  strength  because  tlie  majority  of  plated 
imd  unplated  specimens  failed  on  loading. 
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ST,  LOUIS,  MISSOURI 


1.0  Index  Code  .  (FeUH -3, Plat-7 ) ( 1-d, e,h,k) 


2.0  Title  -  T.R.  No.  513-2^,  Investigation  of  Hydrogen  Embrittlement 
of  Hard  High  Chromium  Alloy  Plated  43^0  Steel. 


3.0  Objective  -  To  determine  the  effect  of  hard,  dense,  non -magnetic 
chromium  alloy  platins  on  the  latigue  strength  of  ^3^0  steel 
hardened  to  the  220-240  KSI  range  and  to  certify  three  plating 
vendors'  application  of  this  chromi.un  alloy  plating  process. 

The  scope  of  this  evaluation  will  include  the  following: 

a.  Hardness  testing  of  each  specimen. 

b.  Delerraination  of  tensile  properties  of  smooth  specimens. 

c.  Determination  of  notched  tensile  strength  of  notched 
specimens . 

d.  Static  fatigue  test  of  all  notched  specimens  loaded  to  T'>i> 
to  90^  of  notched  tensile  strength  for  100  hours. 

4.0  Status  and  Results  -  Notched  tensile  specimens  have  been  forwarded 
to  three  vendors  for  application  of  chromium  plating. 
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1.0  Index  Code . (FellH-2)(l -d,3,h,k.)(lV-a,c,e 


2.0  Title  -  T.R.  No.  5^3-197*01,  Static  Fatigue  Testing  of  Vasco- 
jet  1000  After  Plating  for  Corrosion  and  Oxidation 
Resistance . 


3.0  Objec tive  -  To  determine  the  effect  of  protective  coatings  on 

the  fatigue  strength  of  260  to  280  KSI  hardened  Vascojet  1000 
steel.  The  coatings  to  be  evaluated  are  diffused  nickel- 
cadmiuin,  hard  chromium,  vacuum  metallized  aluminum,  and  sprayed 
molybdenum-aluminum.  The  scope  of  this  evaluation  will  include 
determination  of  the  following: 

a.  Hardness  and  tensile  properties  of  vmexposed  unnotched 
bare  specimens. 

b.  Notched  tensile  strength  of  unexposed  notched  bare  specimens 

c.  Hardness  of  a  representative  number  of  unexposed  notched 
bare  specimens. 

d.  Static  fatigue  properties  of  coated  notched  specimens  after 
850'^-900°F  exposure  for  500  hours. 

e.  Salt  spray  x-esistance  of  vacuum  metallized  aluminum  and 
sprayed  molybdenum -alvuninum  coated  4130  steel  control 
panels  prior  to  and  after  85CPP-900°F  exposure  for 

500  hours. 

f.  Corrosion  and  oxidation  resistance  of  coated  notched 
specimens  after  850*^-900°F  exposure  for  500  hours. 

g.  Stability  of  vacuum  metallized  aluminum  arid  sprayed 
molybdenum-aluminum  coated  specimens  exposed  at  850°F- 
900^  for  500  hours. 


4.0  Status  and  Results  -  The  test  work  has  been  completed  and  the 
test  report  is  being  written.  The  test  results  indicate  that 
all  of  the  protective  coatings  -oestei  were  acceptable  and  shat 
all  of  the  coated  notched  specimens  passed  the  critical  static 
fatigue  test  criteria  of  of  the  notched  tensile  strength 
of  approximately  340  KSI  for  100  hours  with  the  exception  of 
the  diffused  nickel-cadmium  plated  specimens. 

27., 


DAT,  10  July  1962 

REVISED  _ 

REVISED  _ 
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3-0  Cojective  -  Aerospa.ce  vehicles  lequire  piarts  fab.ricated  from 

various  titanium  alloys.  Many  of  these  parts  will  be  subjected 
to  chemical  processes  such  as  chemical  millirig  and  pickling 
where  the  possibility  of  hydrogen  embrittlement  is  prevalent. 
Consequently,  it  is  necessary  to  evaluate  and  establish  methods 
for  the  prevention  of  hydrogen  embrittlement  of  B120  VGA 
titanium  alloy.  The  scope  of  this  evaluation  will  include  the 
following: 

a.  Al^tachment  of  protective  platinum  strips  to  titanium 
specimens. 

b.  Imposition  of  DC  current  to  titanium  specimens  in 
suitable  electrolyte  with  carbon  cathodes. 

c.  Hydrogen  absorption  analyses  of  unprotected  and  platinum 
protected  titanium  specimens  before  and  after  exposure  to 
chemical  milling  solutions  of  hydrofluoric  and  nitric - 
hydrofluoric  acids. 

d.  Hydrogen  absorption  analyses  '.um  specimens  before 

and  after  exposure  to  DC  in  eli''+’'.....yto  bauhs  of  hydro¬ 
fluoric  and  nitric -hydrofluoric  acids  \.sing  carbon 
cathodes. 

e.  Deterra''ne  the  amount  of  metal  removed  from  titanium 
specimens  by  chemical  milling  and  electrolvtic  pickling 
processes. 


U.O  Status  and  Results  -  Preliminary  tests  on  specimens  without 

attached  platinum  strips  indicate  that  specimens  chem-railled  in 
lujb  hydrofluoric  acid  contained  an  average  of  884  parts  per 
million  hydrogen.  Specimens  chem-milled  in  nitric -t.ydrofluoric 
acids  contained  48  parts  per  million  hydrogen.  The  chem-milled 
protected  specimens  are  being  prepared  for  hydrogen  analyses. 
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DATE  10  July  1962 

REVISED  _  - 

REVISED  - 


ST.  UOUIS.  MISSOURI 


PACE  ^ 
REPORT 
MODEL 


1.0  Index  Code  .  ( AIvt-6,FeL-l, Plat-2 ) ( IV-a) (V-h) 

2.0  Title  -  T.R.  32-889,-889.01,-889.04,  -889.05,  -889.06, 
Evaluation  of  Corrosion  Prevention  Materials  for 
Mechanically  Fastened  Aluminum  Skin  Joints. 


3.0  Objective  -  The  extent  of  corrosion  around  fasteners  in  present 
fleet  aircraft  has  become  a  major  maintenance  problem,  because 
of  difficulty  encountered  wnen  removing  fasteners  in  access 
doors  and  removal  panels.  The  objectives  of  this  teat  program 
are  to  evaluate  special  primers,  coatings,  anti-seizing 
materials,  sealants,  platings,  washer  materials,  and  vinyl 
••apes  for  use  as  barriers  to  reduce  corrosion  between  fasteners 
and  alvmdnum  skins  wi-thout  causing  joint  assembly  problems  or 
reduction  of  the  allowable  joint  load.  The  scoi)e  of  this  test 
program  includes  'the  following: 

a.  Load  preconditioning  of  pre- treated  aluminum  panel  joint 
specimens  at  -65°F  I  lO^F. 

b.  Salt  spray  exposure  of  pre-treated  aluminum  panel  jc-int 
specimens  for  'total  exposure  time  of  672  hours. 

c .  Examination  for  the  presence  of  corrosion  on  the  fastener 
heads  and  panel  areas  adjacent  -to  fastener  heads. 

4.0  Status  and  Results  -  Test  results  indicate  that  barrier  materials 
evaluated  thus  feir  were  effective  in  preventing  corrosion  but 
their  usage  presented  -the  following  problems: 

a.  Impede  joint  assembly. 

b .  Extrude  under  load  . 

c.  Necessitate  reduction  of  allowable  joint  load. 

In  an  effort  to  eliminate  these  problems,  future  test  work 
wi31  include  testing  of  tin  and  aluminum  plated  screws,  and 
Minnesota  Mining  and  Manufacturing  Company  Nos.  470,  473 
vinyl  tapes  as  plastic  barriers. 
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SOLiB 


7J?.6.1.^  MISCELLUBOIB  KSTALS  IID  ALLOXS 

CCRROSIOM  RATES  CF  MOLriM  METALS  AID  ROCEET  1XHAQ3T  OASES 
01  RRERACTORI  METALS 


QfeAwUxyn 

To  IziVMtiKate  the  eorrosion  rate*  of  lithlOB,  sodita,  po'&astiuM,  aad  aagaasltai 
oa  S9^r*r«l  of  tb«  rcfraotory  astals  (tTiae*t«&,  taataliia,  Bol/bdcatBi,  9CTa-10W, 
sod  oolusbiai  allQ]r  C*>103  aid  ooloa^ioH  •J.  sirooBltn)  at  ta^araturmi  up  to 
tba  beilias  point  at  atBocphafrio  prasaasroa. 

Tb  ozaalaa  the  corrosion  rats  of  aiaulatsd  rookst  gasss  containing  to  11? 

HCl  vith  tost  spscinsns  of  tbs  aboTs  asntionsd  rsfireotory  astalsc^  (lets: 
test  data  on  this  objeotivs  is  inccaqplsts.) 

Sgial;ti..*g?..gsaalwaigpa 

Molten  nagnesiun  shows  so  corrociTs  effects  on  the  refraotorj  netals  to 
1600  F  in  iO  to  20  aiantes. 

Molybdonm  and  tungsten  suffer  an  even  attack  in  liquid  lithiun  and  are 
corroded  mr«  than  any  of  the  other  refractcry  aetals. 

Tantalufc  is  not  corroded  to  any  extent  by  noltea  lithius:  iqj  to  1600  F. 

Tantalin  -  10?  tiuigctsn  allcqr  was  attaeksd  by  lithlusi  slightly  «or*  than 
tantalu*. 

Ti^  soltadiius  allqfo  shoved  a  weight  loss  in  lithioa  soaewhsre  babveon  the 
tantalin  alloy  and  Bolybdenaa  or  tungsten. 

Lithita,  naar  tho  boillz^  point,  appears  to  attack  tungsten  about  twiee  ao 
rapidly  aa  it  attacks  tantalus. 

Photoaiorographs  of  corroled  tantaluM  shew  a  pitting  attack  by  lithivat, 
while  tuagatan  surfaces  are  ooi*roded  sveialy. 

SodiuB  attacks  all  six  refractory  aetale  sore  tian  does  lithius. 

TsxrtaluE,  tuiigstaa,  and  solybdenus  errrode  about  the  etase  in  sodiiai,  while 
tbs  alloys  of  coluabiutt  ind  the  90Ta-10W  are  att^ked  a  little  acre  aovarely. 

Potaasiias  attacks  the  refractcry  sBtals  Bsore  th4,a  does  sodica. 

All  six  i^tals  appear  to  suffer  about  the  sane  degr^  of  corrosion  uoier 
potassiua. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALDHINTJH  X2020;  STRESS  CORROSION 

DESCRIPTIVE  TITLE: 

Stress  Corrosion  Study  of  X2020 


OBJECTIVE: 


To  determine  the  susceptibility  of  X2020  aluminum  alloy 
to  stress  corrosion* 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Specimens  of  X2020-T6  have  withstood  c'-nstant  load  alternate  iraersion 
tests  at  bO%  of  T*I.S.  for  2700  hourts 

Comparative  samples  of  2024-T86  have  failed  after  approximately  l6^ 
hours  under  the  same  conditions. 

Both  alloys  are  r^oneidered  quite  resistant  to  stress  corrosion  cracking 
in  the  condition  tested.  However,  X2020  ha«  been  found  to  bo  superior 
in  these  testa. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUHINIIH  7075 1  SALT  SPRAY  RESISTANCE 

DESCRIPTIVE  TITLE: 

Investigation  of  Corrosion  Resistance 


OBJECTIVE: 

Determine  Khether  alkaline  etch  cleaning  prior  to  Alodine 
or  anof.ize  improves  salt  spray  resistance  6f  7075  aluminua 
alloy. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Results  of  testing  indicated  that  alkaline  etch  cleaning  prior  to 
Alodine  or  anodize  conversion  coatings  of  rolled  7075  aluminum  alloy 
did  not  improve  corrosion  resistance  with  respect  to  salt  spray  exposure. 

When  an  aluminum  alloy  such  as  rolled  7075  is  not  subject  to  machining 
operations,  the  use  of  an  alkaline  etch  cleaning  does  not  imj  'ove  the 
salt  spray  resistance  within  the  limits  of  Military  Specs  MIL-C-^541 
or  HU  -A-Sb25A. 
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MATERIALS  PROG^^M  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

KETAL;  ALUMINUM  7178;  SALT  SPRAY  RESISTANCE 

DESCRIPTIVE  TITLE: 

Investigation  of  Corrosion  Resistance  Aluminum 
Alloy  7178 


OBJECTIVE: 

Determine  whether  alkaline  etch  cleaning  prior  to 
Alodine  or  anodize  treatment  of  7178  aiuminua  alloy 
improves  salt  spray  resistance* 


abstract  of  RESULTS  AND  CONCLUSIONS: 

Results  of  testing  Alodine  or  anodized  conversion  coatings  with  the 
alkaline  etch  treatment  shows  improved  corrosion  resistance  with 
respect  to  g«lt  spray  exposure. 

The  corrosion  initiating  nuclei  are  more  easily  trapped  in  the  occlusions 
of  machined  metal  and  unless  removed  by  a  process  such  as  alkaline  etch 
cleaning,  salt  spray  resistance  will  be  poor. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  MOLYBDENUM,  ALUMINUM  COATED;  OXIDATION  RESISTANCE 

DESCRIPTIVE  TITLE: 

Fabricability  and  Oxidation  Resistancs  of  A1-125K  Si 
Roll  Clad  K0-.5  Ti-.08  Zr 


OBJECTIVE: 

To  evaluate  both  fabricability  and  re-entry  oxidation 
resistance  of  Mo-. 5^  Ti-.08?$  Zr  sheet  after  cold  roll 
welding  a  coating  of  Al-12^  Si  to  the  sheets  surfaces. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Due  to  an  excessive  amount  of  cold  reduction  (75?^)  imparted  to  the 
sheet  during  the  roll  cladding  process,  the  sheet  was  laminous,  thus 
the  formabiltty  quality  was  poor.  However,  after  diffusion  of  the 
coating,  the  re-entry  protective  quality  was  encouraging.  The  re-entry 
test  environment  was  flowing  air  at  2700‘’F  in  50  minutes.  Detailed 
information  on  this  program  is  reported  in  MSR-798,  dated  10/17/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  MOLYBDENUM,  PLATINUM  COATED;  OXIDATION  RESISTANCE 

DESCRIPTIVE  TITLE: 

Platinum  as  a  Re-Entry  protective  Coating  for 
Refractory  Metals 


OBJECTIVE: 

This  work  was  ho  determine  the  re-entry  oxidation-erosion 
protection  afforded  refractory  metals  by  a  coating  of 
vapor  deposited  platinum. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

A  1-1/2  mil  coating  of  platinum  imparted  excellent  protection  to  a 
Ho-. 5  Ti  substrate  durixig  a  20  minute  exposure  in  flowing  air  at 

O 

2200'’F.  A  200  A  coating  of  platinum  afforded  good  protection  through 
the  same  exposure.  Detailed  information  on  this  program  is  reported 
in  HSR-806,  dated  10/12/60. 
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MATERIALS  PROGRAM  ABSTRACTS 


MATERIAL  CLASSIFICATION: 


METAL}  RENE*  41;  OXIDATION  RESISTANCE 


DESCRIPTIVE  TITLE: 


The  Effect  of  Proceaa  Residues  on  the  Oxidation 
Characteristics  of  Rene’  4l  During  Aging  and  Thensal 
Exposures^. 


OBJECTIVE: 


To  determine  whether  entrapped  residues  of  penetrants, 
machining  oils,  and  cleaning  agents  have  detrimental 
effect  on  the  oxidation  characteristics  of  Rene’  4l, 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


A  total  of  75  Rene'  4l  sheet  sandwiches  were  treated  with  various 
penetrants,  machining  oils,  and  cleaning  agents  and  then  subjected 
to  various  thermal  exposures.  It  was  determined  that: 

1.  Residues  from  phospho-si] icate  alkaline  cleaner  caused 
excessive  oxidation  attack  under  all  thermal  exposures  tested. 

2.  Two  of  the  rachining  oil  combinations  -  Cutmax  No.  5^9  and 
Cutmax  No.  5^9  diluted  in  kerosene  -  pioduced  excessive 
oxidation  attack  during  the  combined  aging  and  Hot  Sti-uctures 
thermal  exposure  cycle. 

3.  The  combined  aging  and  Hot  Structures  thermal  exposure  cycle 
caused  excessive  oxidation  attack  in  the  presence  of  all  but 
two  -  (ZIj2  Pentrex  +  ZE4  Emulsifier  +  ZP4  Dry  (or  ZP5  Wet) 
Developer)  penetrant  material  combinations  tested. 

4.  The  above  mentioned  and  other  process  materials  produced  less 
oxidation  attack  when  subjected  to  exposure  less  severe  than 
the  combination  exposure  mentioned  in  2  and  3- 

Details  are  reported  in  Metals  Dnit  Summary  Report  HSR-8Q7,  dated 

10-15-60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METALS I  RENE*  4l,  HASTELLOY  X,  AS-25;  OXIDATION  RESISTANCE 

DESCRIPTIVE  TITLE: 

Cyclic  Exposura  Oxidation  Studies:  Rene’  41, 

Hastelloy  X,  and  H,S.-25 


OBJECTIVE: 

To  determine  oxidation  characteristic  of  Rene'  4i, 
H.S.>23,  and  Hastelloy  X  when  exposed  to  air. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  purpose  of  this  investigation  was  to  supplement  existing  information 

concerning  the  oxidation  characteristics  of  Rene*  41,  Hastelloy  X,  and 

H.S.-25  under  conditions  of  cyclic  thermal  exposure.  A  total  of  ten  teat 

coupons  per  alloy  were  fabricated  and  tested  as  follows: 

Series  I.  One  hour  cycles  in  air  at  ItfOO*’? 

(1  and  10  cycles) 

Series  II.  One  hour  cycles  in  air  at  2000®F 
(1  and  10  cycles) 

Series  III.  Ten  minute  cycles  in  air  at  lt500*F 
(1,  and  10  cycles) 

Series  IV.  Ten  minute  cycles  in  air  at  2000®F 
(1,  4,  and  10  cycles) 

The  alloy  found  to  bo  most  resistant  to  intergranular  oxidation  attack 
under  all  conditions  of  teat  was  Hastelloy  X,  followed  by  H.S.-2i>  and 
Rene'  4i.  Chemical  alteration  of  a  surface  zone  was  also  observed  on 
a  surface  zone  on  all  specimens.  This  zone  was  deepest  in  Rene'  41. 
followed  by  E.S.-25  and  H*',stelloy  X, 
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Details  are  rmgprted  in  Metals  Unit  Summary  Report  MSR-Sll,  dated  lP-25-60 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  STEEL,  AM350  CRT  AND  AM335  CRT;  STRESS  CORROSION 

DESCRIPTIVE  TITLE: 

Stress  Corrosion  Cracking  Investigation  on  AM350  CRT 
and  AM355  CRT 


OBJECTIVE: 


To  determine  the  susceptibility  of  AM350  CRT  and 
AH355  CRT  to  stress  corrosion  cracking. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

The  heat  treat  conditions  were  investigated^  CRT  850,  900,  and  950, 
were  found  resistant  to  stress  corrosion  cracking  when  subjected 
to  (1)  alternate  immersion  in  a  standard  salt  solution,  (2)  cyclic 
humidity,  (3)  general  weathering  and  (4)  alkaline  soils.  Both 
alloys,  in  all  heat  treat  conditions,  were  susceptible  to  cracking 
in  an  SO^  atmosphere. 

Detail  results  are  reported  in  Test  Report  T2-1876,  dated  7/27/60. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METALj  STEEL,  17-7  PH}  SALT  BATH  CORROSION 

DESCRIPTIVE  TITLE: 


Salt  Bath  Heat  Treatifisnt  of  17-7  PH  ora*. 


OBJECTIVE: 


To  deteraine  degree  of  intergranular  attack. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1.  Salt  bath  heat  treatsent  of  17-7  P3  was  suspected  of  causing 
intergranular  attack  on  work  surface. 

2.  The  severity  of  attack  during  heat  treataent  in  Class  5  neutral 
high  temperature  salt  was  found  to  be  in  the  order  .003”-»005”» 
Material  was  exposed  for  standard  soak  time  at  1400®F. 

3.  Effect  on  fatigue  8tr«igth  to  be  evaluated. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

CHEMICAL;  ALKALINE  ETCHj  ALUMINUM  7075 

DESCRIPTIVE  TITLE: 


Investigation  of  Corrosion  Resistance 


OBJECTIVE: 

Determine  whether  alkaline  etch  cleaning  prior  to  Alodine 
or  anodize  improves  salt  spray  resistance  of  7075 
ftlizainua  alloyo 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Results  of  testing  indicated  that  alkaline  etch  cleaning  prior  to  Alodine 
or  anodise  conversion  coatings  of  roiled  7075  eluainna  alloy  did  not 
improve  corrosion  resistance  with  respect  to  salt  spray  exposure. 

When  an  aluminum  alloy  such  as  rolled  7075  is  not  subject  to  machining 
operations,  the  use  of  an  alkaline  etch  cleaning  does  not  improve  the 
salt  spray  resistance  within  the  limits  of  Military  Specs  MIL-C-55^1 
or  MIL-A-8625A. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CI.ASSIFICATION: 

CHJsMICALj  ALKALINE  ETCH;  ALUMINUM  7178 

DESCRIPTIVE  TITLE: 

Investigation  of  Corrosion  Resistance  Aluminum 
Alloy  7178 


OBJECTIVE: 

Determine  whether  alkaline  etch  cleaning  prior  to  Alodine 
or  anodiie  treatment  of  7178  aluminum  alloy  improves  salt 
spray  rosistanca. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Results  of  testing  Alodine  or  anodized  conversion  coatings  with  the 
alkaline  etch  treatment  shows  improved  corrosion  resistance  with 
respect  to  salt  spray  exposure* 

The  corrosion  initiating  nuclei  are  bore  easily  trapped  in  the  occlusions 
of  machined  metal  and  unless  removed  by  a  process  such  as  alkaline  etch 
cleaning,  salt  spray  resistance  will  be  poor. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

CEEHICALj  ALKALINE  ETCH;  ALUMINUM 

DESCRIPTIVE  TITLE: 

Cleaning  and  Alodising  Aluminum  Forgings  after  Steel 
Shot  Peening 


OaiECTIVE: 

To  remove  surface  contamination  from  7079  aluminum  forginge 
after  shot  peening  with  steel  shot. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Boost  pump  support  forgings  (7079  aluminum)  were  shot  peened  vith  steel 
shot  to  improve  stress  corrosion  properties.  Surface  contamination  was 
observed  to  be  particles  and  dust  of  steel  plus  oil  from  the  air  com¬ 
pressor  used  in  shot  peening.  Nortsal  immersion  cleaning  and  deoxidizing 
did  not  produce  a  clean  surface.  Applicatio:.  of  MIL-C-55^1  color  inspec- 
table  conversion  coating  resulted  in  a  gray  to  brown  finish  having  con¬ 
siderable  smut. 

Dry  abrasive  blasting  with  aluminum  oxide  removed  almost  ail  contamination. 
However,  this  gave  the  aluminum  surface  such  a  dark  gray  color  that  color 
inspectability  of  the  conversion  coating  was  impossible. 

The  best  cleaning  process  found  was  alkaline  etch  cleaning  for  two  to 
four  minutes  to  remove  about  0,00015  inch  of  metal.  This  was  followed 
by  smut  removal  in  a  mild  acid  deoxidizer,  then  application  of  MIL-C-55^1 
colored  conversion  coating. 

Finish  color  is  very  good  -  generally  a  light  golden  color.  Salt  Spray 
resistance  is  very  good;  almost  no  corrosion  was  found  on  teat  speci¬ 
mens  after  l68  hours. 

Etch  cleaning  time  can  be  considerably  reduced  by  controlli’';£  the  quality 
of  the  shot  peening  operation.  Clean,  good  quality  shot  and  clean,  oil- 
free  air  are  essential. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATEFdAL  CLASSIFICATION: 

CHEMICAL {  CONVERSION  COATING;  MAGNESIUM  ALLOTS 

DESCRIPTIVE  TITLE: 

Conversion  Coating  Prepaint  Treatment  for  Rare 
Earth  Magnesium  Allots 


OBJECTIVE: 


To  develop  an  immersion  coating  process  for  magnesium. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

An  immersion  prepaint  coating  process  known  as  BMC  was  developed  for 
coating  rare  earth  magnesium  alloys  without  corrosion  of  spot-welded 
laying  surfaces. 

The  coating  withstood  six  months  exposure  to  weather  and  100  hours 
condensing  humidity  testing. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

CHDIICAL?  PLATING t  ZINC 

DESCRIPTIVE  TITLE: 

Increase  in  Thickneae  of  Zinc  Plat.'ng  for  Improved 
Er^aion  Peaistance 


OBJECTIVE: 

To  develop  a  production  procedure  for  the  application  of  a 
heavier  deposit  of  zinc  plating  on  the  leading  edge  of 
metal  rotor  blade  spars. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

A  conforming  type  steel  anode  was  designed  to  as  to  permit  the  depoaition 
of  .003"  zinc  plating  on  the  nose  section  and  .001"  on  the  aft  portion 
of  the  D-spar  section  of  the  metal  rotor  blades.  In  addition,  exiAtirg 
processing  equipment  was  modified  to  provide  suitable  current  disiribution 
and  adequate  solution  agitation. 

The  increased  zinc  plate  thickness  on  the  nose  of  the  spar  will  improve 
the  resistance  of  the  rotor  blade  to  erosion  by  sand,  dust,  and  rain. 

The  .001"  thick  zinc  plate  on  the  aft  portion,  in  addition  to  saving 
wiight,  is  a  more  desirable  surface  for  structural  adhesive  bonding. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL}  GENERAL;  EI.ECTROPOLISHING 

DESCRIPTIVE  TITLE: 

Investigation  of  Electropolishing  Techniques  on  New 
Metals 


OBJECnVE: 


To  aid  mechanical  polishing  of  cold  worked  specimen  by  the 


removal  of  cold  worked  surfaces  produced  in  rough  polishing 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 


Metals  subject  to  cold  working  and  flow  :ln  both  rough  and  final 
polishing  operations  have  been  successfully  electropolished 
after  the  rough  polishing  operations  with  new  electrolyte  solutions 


In  cases  where  electropolishing  to  conplctioc  would  destroy  the 
edges  of  the  specimens,  a  lower  current  dsnsity  was  applied  until 
the  cold  worked  rough  polished  surface  was  removed  and  then  the 
specimen  was  taken  to  the  final  polishing  wheels.  Some  metals 
did  not  show  edge  destruction  and  were  polished  to  completion 
after  the  rough  polishing  operation. 


Some  of  the  metals  polished  by  the  above  techniques  are  titanium, 
molybdenum,  tungsten,  tantalum,  niobium,  Rene'  4l  and  H.S.  25. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

KETAL;  ALUMimiM  HONBTCOMB  CORE;  CORE  SHEAR  STRENGTH 

DESCRIPTIVE  TITLE: 

Eff«ct  of  Sandwich  Variables  on  Core  Shear  Strength 


OBJECTIVE: 

To  determine  the  effect  of  facing  thickness,  core  thickness, 
span  length  and  type  of  loading  (one  point  or  two  point)  on 
apparent  core  shear  atrejsgth. 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

1,  In  determining  core  shear  strength  by  mid-span  loading,  one-  or  two- 
pmiat,  failure  of  the  specimen  can  occur  by  skin  buckling,  or 
failure  other  than  core  shear  failure  when;  (1)  one-point,  rather 
than  two-point  loading  is  used;  (2)  the  span  is  too  long;  (3)  the 
facings  are  too  thin;  (4)  the  cores  are  too  thick. 

2,  Indications  are  that  the  effects  of  span,  core  thickness  and  facing 
thickness  on  apparent  core  shear  strength  are  different  for  each  core 
type. 

3,  The  effects  ef  varying  individual  factors  are  as  follows: 

a.  Increasing  the  span  length  decreases  the  apparent  core  shear 
strength. 

b.  Increasing  the  facing  thi<'kness  increases  the  apparent  core 
shear  strength. 

c.  Increasing  the  core  thickness  decreases  the  apparent  core  shear 
strength. 

4,  Details  of  the  tests  as  well  as  three-dimensional  graphs  showing  the 
effects  of  the  above  variables  on  the  apparent  core  shear  strasgth 
of  3-lOP  and  3-20P  cores  are  reported  in  Wichita  Job  Report  AP-1-21. 
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MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METAL;  ALUMINUM  -  2024-T3  SHEET;  SIMPLE  PAN  SANDWICH 

DESCRIPTIVE  TITLE: 

Dimpla  Pan  Sandwich  Panel  Structures 


OBJECTIVE: 


To  determine  physical,  producibill ty,  and  economic 
characteristics  of  a  rigidized  pan  and  akin  sandwich 
construction  compared  to  honeycomb  or  other  conventional 
structures* 


ABSTRACT  OF  RESULTS  AND  CONCLUSIONS: 

Panels  were  constructed  to  prove  thatproduction  of  configurations  were 
feasible  and  to  evaluate  the  effects  of  dimple  patterns.  The  pattern 
and  alignment  of  dimples  has  an  effect  on  directional  strength  of  tho 
panels.  Pressure  and  edge  compression  loads  tests  indicate  the  bonded 
dimpled  sandwich  is  a  uniformily  rigid  construction  more  resistant  to 
buckling  and  requiring  fewer  external  stiffeners  to  develop  approximately 
the  same  strengths  to  weight  when  compared  with  conventional  skin-stringer- 
frame  assemblies.  Panel  tests  indicate  the  bonded  dimpled  sandwich  sore 
resistant  to  shear  buckling  and  stronger  under  shear  loading  than 
comparable  weight  skin-stringer-frame  assemblies.  Tests  indicate  that 
the  adhesive  bonded  dimpled  panel  has  a  sonic  fatigue  resistance  far 
superior  to  the  spot  -jelded  dimpled  panel  and  approximately  equivalent 
to  the  comparable  weight  skin-stiffener  panel. 


MATERIALS  PROGRAM  ABSTRACTS 

MATERIAL  CLASSIFICATION: 

METhL;  metallized  LIGHTWEIGHT  STRUCTORES;  SOLAR  CONCENTRATORS 

DESCRIPTIVE  TITLE: 

Solar  Concentrators 


OBJECTIVE: 

To  develop  lightweight  (approx.  0.2  lb. /ft.)  solar 
concentrators,  capable  of  performing  at  high  watts/lb. 
efficiency  in  space  environment. 


ABSTFLXCT  OF  PJilSULTS  AND  CONCLUSIONS: 

1.  Tooling  methods  have  been  evolved  and  adapted  for  use  in  fabricating 
sandwich  type  paraboloids  having  aperatures  great-r  than  10  feet 

in  diameter. 

2.  The  complex  relationship  of  the  several  materials  and  processes  that 
are  involved  in  tne  fabrication  of  large  aperature  replica  optl-al 
devices  has  been  proven  out  by  actual  fabrication  and  tests  of  three 
foot  diameter  concentrators. 

3.  A  paper  exititled  "Lightweight  Solar  Concentrator  Development"  was 
prepared  and  accepted  for  presentation  at  the  December,  I960  annual 
meeting  of  the  ASME. 
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